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1. This report consists of the analytical results and supporting documentation for 29 soil samples
received by Paragon on 5/11/04.

2. These samples were prepared and analyzed according to Paragon Analytics procedures
SOP783R5. The analyses were completed on 7/12/04.

3.  The analysis results for these samples are reported on a ‘dry weight’ basis in units of pCi/gram.

4.  Therequested MDC was not met for most of these samples. However, the reported activity is
greater than the achieved MDC. Also, the requested MDC was not met for method blank
RE040611-1MB. Both method blanks were counted for a maximum count time of 90 minutes
and results are reported without further qualification. These samples are identified with an
“M” or “M3” flag on the final reports. The reported activity for samples with an “M3” flag
exceeds the achieved MDC, Please refer to NCR 5767.

5.  Paragon Analytics follows the convention outlined in ANSI N42.23 for reporting significant
digits in the TPU and MDC results. ANSI N42.23 states that the TPU result should be rounded
to two significant digits and that the MDC result should be rounded to the same decimal place
as the TPU result. In practice, this could result in an MDC result with a reported value of 0 for
samples with significant activity, including the batch laboratory control sample.

6.  No further anomalous situations were encountered during the preparation or analysis of these
samples. All quality control criteria were met. ‘

The data contained in the following report have been reviewed and approved by the personnel listed
below. In addition, Paragon Analytics certifies that the analyses reported herein are true, complete
and correct within the limits of the methods employed.

L—% 7 le-e Y

Radiochemistry Instrument Technician Date
Rad’i{)chemistry Final Data Review Date
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Ra-226 by Radon Emanation - Method 903.1

PAl 783 Rev 5
Method Blank Results

Lab Name: Paragon Analytics
Work Order Number: 0405096
Client Name: Kent & Sullivan Inc.

ClientProject ID: Ross Adams

Lab ID: RE040611-1MB Sample Matrix: SOIL Prep Batch: RE040611-1 Finai Aliquot: 2.00 g
SERT—— . Prep SOP: PAl 783 Rev 5 QCBatchlD: RE040611-1-1 Result Units: pCi/g
Date Collected: 11-Jun-04 Run {D: RE040630-1 File Name: Manual Entry
Date Prepared: 11-Jun-04 Count Time: 90 minutes

Date Analyzed: 12-Jul-04

CASNO Target Nuclide Result +/- 2 s TPU MDC Lab Qualifier
13982-63-3 | Ra-226 0.083 +/- 0.046 0.069 UM
Comments:
Qualifiers/Flags:

Abbreviations:

U - Result is less than the sample specific MDGC.
Pl Spea TPU - Total Propagated Uncertainty (see PAI SOP 743)

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.
MDC - Minimum Detectable Concentration {see PAI SOP 709)
Y2 - Chemical Yield outside default limits,

BDL - Below Detection Limit
LT - Result is less than Requested MDC, greater than sample specific MDC. I

M - Requested MDC not met.
B - Analyte concentration greater than MDC.
B3 - Analyte concentration greater than MDC but less than Requested MDC.

Data Package ID: REM0405096-1

Date Printed: Friday, July 16, 2004 Paragon Analytics Page 1 of 2
LIMS Version: 5.040A
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Ra-226 by Radon Emanation - Method 903.1

PAI 783 Rev 5

Method Blank Results

Lab Name: Paragon Analytics
Work Order Number: 0405096
Client Name: Kent & Sullivan Inc.
ClientProject ID: Ross Adams

Lab ID: RE040611-2MB Sample Matrix: SOIL Prep Batch: RE040611-2 Final Aliquot: 2.00 g
Prep SOP: PAI 783 Rev 5 QCBatchiD: RE040611-2-1 Result Units: pCilg
Date Collected: 11-Jun-04 Run ID: RE040628-1A File Name: Manuai Entry
Date Prepared: 11-Jun-04 Count Time: 90 minutes

Date Analyzed: 12-Jul-04

CASNO Target Nuclide Result +/- 2 s TPU MDC Lab Qualifier
13982-63-3 Ra-226 0.005 +/- 0.024 0.042 U
Comments:
Qualifiers/Flags:

U - Result is less than the sample specific MDC.

Y1 - Chemical Yield is in controf at 100-110%. Quantitative Yield is assumed.
Y2 - Chemical Yield outside default limits.

LT - Result is less than Requested MDC, greater than sample specific MDC,

M - Requested MDC not met.
B - Analyte concentration greater than MDC.
B3 - Analyte concentration greater than MDC but less than Requested MDC.

Data Package ID: REM0405096-1

Abbreviations:
TPU - Total Propagated Uncertainty (see PA! SOP 743)
MDC - Minimum Detectable Concentration (see PAlI SOP 709)

BDL - Below Detection Limit

Date Printed: Friday, July 16, 2004 Paragon Analytics
LIMS Version: 5.040A

Page 2 of 2
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Ra-226 by Radon Emanation - Method 903.1

PAI 783 Rev 5
Laboratory Control Sample(s)

Lab Name: Paragon Analytics

Work Order Number: 0405096

Client Name: Kent & Sullivan Inc.

ClientProject ID: Ross Adams

Lab ID; RE040611-1LCS

Sample Matrix: SOIL

Prep SOP: PAI 783 Rev 5
Date Collected: 11-Jun-04
Date Prepared: 11-Jun-04
Date Analyzed: 30-Jun-04

Prep Batch: RE040611-1
QCBatchID: RE040611-1-1

Run ID: RE040630-1

Count Time: 15 minutes

Final Aliquot: 2.00 g
Result Units: pCi/g
File Name: Manual Entry

CASNO Target
Nuclide

Results +/- 2s TPU

MDC

Spike Added

% Rec | Control Lab
Limits ] Qualifier

13982-63-3 Ra-226

24.4 +- 45 w

0.2

241

101 70-130 P.M3

Comments:

Qualifiers/Flags:

U - Resultis less than the sample specific MDC.

LT - Result is less than Requested MDC, greater than sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.

Y2 - Chemical Yield outside default limits.

L - LCS Recovery below lower control limit.

H - LCS Recovery above upper control limit.

P - LCS Recovery within control limits.
M - The requested MDC was not met.

M3 - The requested MDC was not met, but thereported

activity is greater than the reported MDC.

Data Package ID: REM0405096-1

Abbreviations:

TPU - Total Propagated Uncertainty (see PAI SOP 743)
MDC - Minimum Detectabie Concentration {see PAl SOP 708)

Date Printed: Friday, July 16, 2004

Paragon Analytics

LIMS Version: 5.040A

Page 1 of 2
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Lab Name:

Work Order Number:
Client Name:
ClientProject ID:

PAI 783 Rev 5
Laboratory Control Sample(s)

Paragon Analytics
0405096
Kent & Sullivan Inc.

Ross Adams

Ra-226 by Radon Emanation - Method 903.1

“Lab ID: RE040611-2LCS

Sample Matrix: SOIL
Prep SOP: PAI 783 Rev 5

Date Collected: 11-Jun-04
Date Prepared: 11-Jun-04
Date Analyzed: 28-Jun-04

Prep Batch: RE040611-2
QCBatchID: RE040611-2-1

Run ID: REQ40628-1A

Count Time: 15 minutes

Final Aliquot: 2.00 g
Result Units: pCi/g

File Name: Manual Entry

CASNO Target
Nuclide Results +/- 2s TPU

MDC

Spike Added

% Rec

Control
Limits

Lab
Qualifier

13982-63-3 Ra-226 221 +- 41

0.3

241

91.83%}"79- 130

Comments:

P.M3

QualifiersiFlags:

U - Resuitis less than the sample specific MDC.

LT - Result is less than Requested MDC, greater than sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.

Y2 - Chemical Yield outside default limits.

L - LCS Recovery below lower control limit.

H - LCS Recovery above upper control limit.

P - LCS Recovery within control limits.

M - The requested MDC was not met.

M3 - The requested MDC was not met, but thereported
activity is greater than the reported MDC.

Pata Package ID: REM0405096-1

Abbreviations:

TPU - Total Propagated Uncertainty {(see PAI SOR 743)

MDC - Minimum Detectable Concentration (see PAI SOP 709)

Date Printed: Friday, July 16, 2004

Paragon Analytics

LIMS Version: 5.040A

Page 2 of 2




Ra-226 by Radon Emanation - Method 903.1

PAI 783 Rev 5
Matrix Spike Results

Lab Name:

Client Name:
ClientProject ID:

Ross Adams

Paragon Analytics
Work Order Number: 0405096
Kent & Sullivan Inc.

Field ID;. SOIL-09
Lab ID:: 0405096-31MS

Sample Matrix: SOIL
Prep SOP: PAI 783
Date Collected: 07-May-04
Date Prepared: t1-Jun-04
Date Analyzed: 28-Jun-04

Prep Batch: RE040611-2
QCBatchiD: RE040611-2-1
Run ID: RE040628-1A
Count Time: 15 minutes
Report Basis: Dry Weight

Final Afiquot: 2.06 g
Prep Basis: Dry Weight
Moisture(%): NA
Result Units: pCi/g
File Name: Manual Entry

CASNO Target

Matrix Sample

MDC Spike

Nuclide

Spike

Results

Added

% Rec

Control
Limits

Lab
Qualifier

13982-63-3

Ra-226

26.3

53

234

0.3

88.6

70-130

P.M3

Comments:

Qualifiers/Flags:

U - Result is less than the sample specific MDC.

LT - Result is iess than Requested MDC, greater than sample specific MDC.

¥1 - Chemical Yield in control at 100-110%. Quantitative yield is assumed.

Y2 - Chemical Yield outside default limits.
N - Matrix Spike Recovery outside control limits

P - Matrix Spike Recovery within control limits

M - The requested MDC was not met.

M3 - The requested MDC was not met, but thereported
activity is greater than the reported MDC.

Data Package |D: REM0405096-1

Abbreviations:

MDC - Minimum Detectable Concentration (see PAI SOP 709)

Date Printed: Friday, July 16, 2004

Paragon Analytics

LIMS Version: 5.040A

Page
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Lab Name:
Work Order Number:
Client Name:

ClientProject ID:

PAI 783 Rev 5
Matrix Spike Results

Paragon Analytics
0405096
Kent & Sullivan inc.

Ross Adams

Ra-226 by Radon Emanation - Method 903.1

Field ID; MSED-05

‘LabiD: 0405096-5MS

Sample Matrix: SOIL
Prep SOP: PAI 783
Date Collected: 06-May-04

Date Prepared: 11-Jun-04
Date Analyzed: 29-Jun-04

Prep Batch: RE040611-1
QCBatchID: RE040611-1-1
Run ID: RE040630-1
Count Time: 15 minutes
Report Basis: Dry Weight

Final Aliquot: 2.20 g
Prep Basis: Dry Weight
Moisture(%): NA
Result Units: pCi/g
File Name: Manuai Entry

CASNO

Target
Nuclide

Matrix
Spike

Sample
Results

MDC Spike

Added

% Rec | Control Lab

Limits

_ 13982633

Comments:

Ra-226

222 { 271

0.2 219

Qualifiers/Flags:

U - Result is less than the sample specific MDC.

LT - Result is {ess than Requested MDC, greater than sample specific MDC.

Y1 - Chemical Yield in control at 100-110%. Quantitative yield is assumed.

Y2 - Chemical Yield outside default limits.

N - Matrix Spike Recovery outside control limits

P - Matrix Spike Recovery within control limits

M - The requested MDC was not met.

M3 - The requested MDC was not met, but thereported
activity is greater than the reported MDC.

Data Package ID: REM0405096-1

Abbreviations:

MDC - Minimym Detectable Concentration (see PAl SOP 709}

Date Printed: Friday, July 16, 2004

Paragon Analytics

LIMS Version: 5.040A

Page 2 of 2
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Ra-226 by Radon Emanation - Method 903.1

PAI 783 Rev 5
Duplicate Sample Results (DER)

Paragon Analytics
0405096

Kent & Sullivan Inc.

Lab Name:
Work Order Number:
Client Name:

ClientProject ID: Ross Adams

Sample Matrix: SOIL
Prep SOP: PA| 783 Rev 5
Date Collected: 06-May-04

Field ID: MSED-01
Lab1D: - 0405096-1DUP

Date Prepared: 11-Jun-04
Date Analyzed: 12-Jul-04

Prep Batch: RE040611-1
QCBatchiD: RE040611-1-1
Run ID: RE0Q40630-1
Count Time: 30 minutes
Report Basis: Dry Weight

Final Aliquot: 2.01 g
Prep Basis: Dry Weight
Moisture(%): NA
Result Units: pCi/g
File Name: Manual Entry

CASNO Analyte Sample Duplicate DER Control La-b_
Result +/- 2s TPU Result+/- 2s TPU Limit Qualifiers
13982-63-3 Ra-226 0.38 +/- 0.22 0.204 +/- 0.059 0.78 213 M3
Comments:
Duplicate Qualifiers/Flags: Abbreviations:

U - Result is less than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative yield is assumed.
Y2 - Chemical Yield outside default limits.

W - DER is greater than Warning Limit of 1.42

D - DER is greater than Control Limit of 213

LT - Resultis less than Request MDC, greater than sample specific MDC

M - Requested MDC not met.

M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.

L - LCS Recovery below lower control limit.
H - LCS Recovery above upper control limit.
P - LGS, Matrix Spike Recovery within control limits.

N - Mafrix Spike Recovery outside control limits

Data Package ID: REM0405096-1

TPU - Total Propagated Uncertainty (see PAI SOP 743)

DER - Duplicate Error Ratic
BDL - Below Detection Limit
NR - Not Reported

Date Printed: Friday, July 16, 2004

Paragon Analytics

LiMS Version: 5.040A

Page 1 of 3
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Ra-226 by Radon Emanation - Method 903.1

PAI 783 Rev 5
Duplicate Sample Results (DER)

Lab Name: Paragon Analytics

Work Order Number: 0405096

Client Name; Kent & Sullivan Inc.

ClientProject ID: Ross Adams

‘Field'ID: MSED-10
Lab 1D: - 0405096-10DUP

Sample Matrix: SOIL

Prep SOP: PAI 783 Rev 5
Date Collected: 07-May-04
Date Prepared: 11-Jun-04
Date Analyzed: 29-Jun-04

Prep Batch: RE040611-1
QCBatchlD: REC40611-1-1
Run iD: RED40630-1
Count Time: 15 minutes
Report Basis: Dry Weight

Final Aliquot: 2.23 g
Prep Basis: Dry Weight
Moisture{%): NA
Result Units: pCi/g
File Name: Manual Eniry

CASNO Analyte

Sample
Result +/- 2s TPU

Duplicate
Result +/- 2s TPU

DER Control

Limit

Lab
Qualifiers

13982-63-3 Ra-226

17.7 +/- 3.3

19.5 +/- 3.6

0.37 213

M3

Comments:

Duplicate Qualifiers/Flags:

U - Result is less than the sample specific MDC.

¥1 - Chemical Yield is in control at 100-110%. Quantitative yield is assumed.
¥2 - Chemical Yield outside default limits.

W - DER is greater than Waming Limit of 1.42

D - DER is greater than Control Limit of 2.13

LT - Result is less than Request MDC, greater than sample specific MOC

M - Requested MDC not met.

M3 - The requested MDC was not met, but the reparted
activity is greater than the reported MDC.

L - LCS Recovery below lower control limit.

H - LCS Recovery above upper control limit.

P - LCS, Matrix Spike Recovery within control limits.
N

- Matrix Spike Recovery outside control limits

Data Package ID: REM0405096-1

Abbreviations;

TPU - Total Propagated Uncertainty (see PAI SOP 743)
DER - Duplicate Error Ratio

BDL - Below Detection Limit

NR - Not Reported

Date Printed: Friday, July 16, 2004 Paragon Analytics

LIMS Version: 5.040A

Page 2 of 3
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Ra-226 by Radon Emanation - Method 903.1

PAI 783 Rev 5
Duplicate Sample Results (DER)

Lab Name:

Work Order Number:
Client Name:
ClientProject ID:

Paragon Analytics
0405096
Kent & Sullivan inc.

Ross Adams

Sample Matrix: SOIL
Prep SOP: PAI 783 Rev 5
Date Collected: 07-May-04

Fieid ID: SOIL-08
< L ab 1D: - 0405096-30DUP

Date Prepared: 11-Jun-04
Date Analyzed: 28-Jun-04

Prep Batch: RE040611-2
QCBatchID: RE040611-2-1
Run ID: RE040628-1A
Count Time: 15 minutes
Report Basis: Dry Weight

Final Aliquot: 2.01 g
Prep Basis: Dry Weight
Moisture{%): NA
Result Units: pCi/g
File Name: Manual Entry

Sample
Result +/- 2s TPU

CASNO Analyte

Duplicate
Result +/- 2s TPU

Control
Limit

DER

Lab
Qualifiers

13982-63-3 Ra-226 126 +/- 23

121 +/- 22

0.18 213

M3

Comments:

Duplicate QualifiersiFlags:

U - Result is less than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative yield is assumed.
¥2 - Chemical Yield outside default limits.

W - DER is greater than Warmning Limit of 1.42

D - DER is greater than Control Limit of 2.13

LT - Result is less than Request MDC, greater than sample specific MDC

M - Requested MDC not met.

M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.

L - LCS Recovery below lower control limit.

H - LCS Recovery above upper control limit.

P - LCS, Matrix Spike Recovery within control limits,
N - Matrix Spike Recovery outside control limits

Data Package ID: REM0405096-1

Abbreviations:

TPU - Total Propagated Uncertainty (see PAl SOP 743)

DER - Duplicate Error Ratio
BDL - Below Detection Limit
NR - Not Reported

Date Printed: Friday, July 16, 2004

Paragon Analytics

LIMS Version: 5.040A

Page 3 of 3
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Ra-226 by Radon Emanation - Method 903.1

PAl 783 Rev 5
Sample Results

Lab Name: Paragon Analytics
Work Order Number: (405096
Client Name: Kent & Sullivan Inc.
ClientProject ID: Ross Adams

Field ID:- MSED-01 Sample Matrix: SOIL Prep Batch: RE040611-1
: 'Lab'ZID'..' 04050961 Prep SOP: PAI 783 Rev 5 QCBatchID: RE040611-1-1
' Date Collected: 06-May-04 Run ID: RE040630-1

Date Prepared: 11-Jun-04 Count Time: 15 minutes
Date Analyzed: 29-Jun-04 Report Basis: Dry Weight

Final Aliquot: 2.13 g
Prep Basis: Dry Weight
Moisture(%): NA
Result Units: pCi/g
File Name: Manual Entry

CASNO Target Nuclide Result +/- 2 s TPU

MDC

Lab Qualifier

13982-63-3 Ra-226 0.38 +/-0.22

0.30

M3

Comments:

Qualifiers/Flags:
U - Resdult is tess than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.
Y2 - Chemical Yield outside default limits.
LT - Result is less than Requested MDC, greater than sample specific MDC.

M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.

M - The requested MDC was not met.

Abbreviations:

TPU - Total Propagated Uncertainty (see PAlI SOP 743}

MDC - Minimum Detectable Concentration (see PAl SOP 7049)
BDL - Below Detection Limit

Data Package ID: REM0405096-1

Date Printed: Friday, July 16, 2004 Paragon Analytics
LIMS Version: 5.040A

Page 1 of 29
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Ra-226 by Radon Emanation - Method 903.1

PAI 783 Rev 5
Sample Duplicate Results

Lab Name: Paragon Analytics
Work Order Number: 0405096
Client Name: Kent & Sullivan Inc.
ClientProject ID: Ross Adams

Field ID: - MSED-01 | Sample Matrix: SOIL Prep Batch: RE040611-1 Final Aliquot: 2.01 g
: ) : PAl 783 R : - is: i
Lab ID: 0405096-1DUP Prep SOP 83 Rev 5 QCBatcth. RE040611-1-1 Pl‘ep Basis: Dry Welght
Date Collected: 06-May-04 Run ID: RE040630-1 Moisture(%): NA
Date Prepared: 11-Jun-04 Count Time: 90 minutes Result Units: pCi/g
Date Analyzed: 12-Jul-04 Report Basis: Dry Weight File Name: Manual Entry
CASNO Target Nuclide Result +/- 2 s TPU MDC Lab Qualifier
13982-63-3 Ra-226 0.204 +/- 0.059 0.061 M3
Comments:

Qualifiers/Flags:

U - Result is less than the sample specific MDC.

¥1 - Chemical Yield is in control at 100-110%. Quantitative yield is assumed.

Y2 - Chemical Yield outside default limits.

LT - Result is less than Requested MDC, greater than sample specific MDC.

M - The requested MDC was not met.

M3 - The requested MDC was not met, but thereported activity is greater than the reported MDC.

W - DER is greater than Waming Limit of 1.42

D - DER is greater than Control Limit of 2.13

Abbreviaticns:

TPU - Total Propagated Uncertainty (see PAI SOP 743)

MDC - Minimum Detectable Concentration {(see PAI SOP 709)

BDL - Below Detection Limit

Data Package ID: REM0405096-1
Date Printed: Friday, July 16, 2004 Paragon Analytics Page 10of 3

LIMS Version: 5.040A




Ra-226 by Radon Emanation - Method 903.1

PAI 783 Rev 5
Sample Results

Lab Name: Paragon Analytics
Work Order Number: 0405096
Client Name: Kent & Sullivan Inc.

ClientProject ID: Ross Adams

Field ID: MSED-02 Sample Matrix: SOIL Prep Batch: RE040611-1 Final Aliquot: 2.12 g
LabID: 0405096-2 Prep SOP: PAl 783 Rev 5 QCBatchID: RE040611-1-1 Prep Basis: Dry Weight
an Date Collected: 06-May-04 Run ID: RE040630-1 Moisture(%): NA
Date Prepared: 11-Jun-04 Count Time: 15 minutes Result Units: pCi/g
Date Analyzed: 29-Jun-04 Report Basis: Dry Weight File Name: Manual Entry
CASNO Target Nuclide Result 4/- 2 s TPU MDC Lab Qualifier
13982-63-3 Ra-226 0.137 +/- 0.080 0.029

Comments:

Qualifiers/Flags:
U - Resultis less than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assurmed.
Y2 - Chemical Yield cutside default limits.
LT - Result is less than Requested MDC, greater than sampte specific MDC.

M3 - The requested MDC was not met, but the reported
acfivity is greater than the reported MDC.

M - The requested MDC was not met.

Abbreviations:

TPU - Total Propagated Uncertainty (see PAI SOP 743)

MDC - Minimum Detectabte Concentration (see PAI SOP 709}
BDL - Below Detection Limit

Data Package ID: REM0405096-1

Date Printed: Friday, July 16, 2004 Paragon Analytics Page 2 of 29
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Ra-226 by Radon Emanation - Method 903.1

PAI 783 Rev 5
Sample Results

Lab Name: Paragon Analytics
Work Order Number: 0405096
Client Name; Kent & Suflivan inc.
ClientProject ID: Ross Adams

Field ID; MSED-03 Sample Matrix: SOIL Prep Batch: RE040611-1 Final Aliquot: 2.07 g
: .L' ISZID' . 0405096.3 Prep SOP: PAi 783 Rev 5 QCBatchiD: RE040611-1-1 Prep Basis: Dry Weight
;T Date Collected: 06-May-04 Run [D: RE040630-1 Moisture(%): NA
Date Prepared: 11-Jun-04 Count Time: 15 minutes Result Units: pCi/g
Date Analyzed: 29-Jun-04 Report Basis: Dry Weight File Name: Manual Entry
CASNO Target Nuclide Result +/- 2 s TPU MDC Lab Qualifier
13982-63-3 Ra-226 0.17 +/-0.10 0.12 M3
Comments:
Qualifiers/Flags:
U - Result is less than the sample specific MDC.
Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.
Y2 - Chemical Yield outside default limits.
LT - Result is less than Requested MDC, greater than sample specific MDC.
M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.
M - The requested MDC was not met.
Abbreviations:
TPU - Total Propagated Uncertainty (see PA! SOP 743)
MDC - Minimum Detectable Concentration (see PAI SOP 709)
BDL - Below Detection Limit
Data Package ID: REM0O405096-1
Date Printed: Friday, July 16, 2004 Paragon Analytics Page 3 of 29

LIMS Version: 5.040A
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Ra-226 by Radon Emanation - Method 903.1

PAI 783 Rev 5
Sample Results

Lab Name: Paragon Analytics
Work Order Number: 0405096
Client Name: Kent & Sullivan Inc.
ClientProject ID: Ross Adams

Field ID: MSED-04 Sample Matrix: SOIL Prep Batch: RE040611-1 Final Aliquot: 2.02 g
Lab iD'. ) 04050964 Prep SOP: PAI 783 Rev 5 QCBatchlD: RE040611-1-1 Prep Basis: Dry Weight
l Date Collected: 06-May-04 Run ID: RE040630-1 Moisture(%): NA
Date Prepared: 11-Jun-04 Count Time: 15 minutes Result Units: pCi/g
Date Analyzed: 29-Jun-04 Report Basis: Dry Weight File Name: Manual Entry
CASNO Target Nuclide Result 4/- 2 s TPU MDC Lab Quatifier
13982-63-3 Ra-226 2.15+/-0.54 0.38 M3
Comments:
Qualifiers/Flags:
U - Result is tess than the sample specific MDC.
Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.
Y2 - Chemical Yieid outside default limits.
LT - Result is less than Requested MDC, greater than sample specific MDC.
M3 - The reguested MDC was not met, but the reported
activity is greater than the reported MDC.
M - The requested MDC was not met.
Abbreviations:
TPU - Total Propagated Uncertainty {(see PAI SOP 743)
MDC - Minimum Detectable Concentration (see PAI SOP 709)
BDL - Below Detection Limit
Data Package ID: REM0405096-1
Date Printed: Friday, July 16, 2004 Paragon Analytics

LIMS Version: 5.040A

Page 4 of 29
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Ra-226 by Radon Emanation ~ Method 903.1

PAI 783 Rev 5
Sample Results

Lab Name: Paragon Analytics
Work Order Number: 0405096
Client Name: Kent & Sullivan Inc,
ClientProject ID: Ross Adams

Field ID: 'MSED-05 Sample Matrix: SOIL Prep Batch: RE040611-1
o Prep SOP: PAI 783 Rev 5 QCBatchID: RE040611-1-1
: . 0405096.
Lab1D: oWe0ee® Date Collected: 06-May-04 Run ID: REQ40630-1

Date Prepared: 11-Jun-04 Count Time: 15 minutes
Date Analyzed: 29-Jun-04 Report Basis: Dry Weight

Final Aliguot: 2.05 g
Prep Basis: Dry Weight
Moisture(%): NA
Result Units: pCi/g
File Name: Manual Entry

CASNO Target Nuclide Result +/- 2 s TPU

MDC

Lab Qualifier

13982-63-3 Ra-226 2.71 +-0.59

0.20

M3

Comments:

QualifiersiFlags:
U - Result is less than the sample specific MDC.

Y1 - Chemical Yield is in controt at 100-110%. Quantitative Yield is assumed.
Y2 - Chemical Yield outside default limits.
LT - Result is less than Requested MDC, greater than sample specific MDC.

M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.

M - The requested MDC was not met.

Abbreviations:

TPU - Total Propagated Uncertainty (see PAI SOP 743)

MDC - Minimum Detectable Concentration (see PAI SOP 709)
BDL - Below Detection Limit

Data Package ID: REM0405096-1

Date Printed: Friday, July 16, 2004 FParagon Analytics
LIMS Version: 5.040A

Page 5 of 29
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Ra-226 by Radon Emanation - Method 903.1

PAI 783 Rev 5
Sample Results

Lab Name: Paragon Analytics
Work Order Number: 0405096
Client Name: Kent & Sullivan Inc.
ClientProject ID; Ross Adams

Field |D: MSED06 Sample Matrix: SOIL Prep Batch: RE040611-1 Final Aliquot: 2.12 g
Lab 1D “0405006.6 Prep SOP: PAI 783 Rev 5 QCBatchlID: REQ40611-1-1 Prep Basis: Dry Weight
a ' Date Coliected: 07-May-04 Run ID: RE0Q40630-1 Moisture(%}: NA
Date Prepared: 11-Jun-04 Count Time: 15 minutes Result Units: pCifg
Date Analyzed: 28-Jun-04 Report Basis: Dry Weight File Name: Manual Entry
CASNO Target Nuclide Result +/- 2 s TPU MDC Lab Qualifier
13982-63-3 I Ra-226 0.19 +/-0.11 0.14 M3
Comments:
Qualifiers/Flags:
U - Resultis less than the sample specific MDC.
Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.
Y2 - Chemical Yield outside default limits.
LT - Resuilt is less than Requested MDC, greater than sample specific MDC.
M3 - The requested MDC was not met, but the reporied
activity is greater than the reported MDC.
M - The requested MDC was not met.
Abbreviations:
TPU - Total Propagated Uncertainty (see PAl SOP 743)
MDC - Minimum Detectable Concentration (see PAI SOP 708)
BDL - Below Detection Limit
Data Package ID: REM0405096-1
Date Printed: Friday, July 16, 2004 Paragon Analytics Page 6 of 29

LIMS Version: 5.040A
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Ra-226 by Radon Emanation - Method 903.1

PAl 783 Rev 5
Sample Results

Lab Name: Paragon Analytics
Work Order Number: 0405096
Client Name: Kent & Sullivan Inc.

ClientProject ID: Ross Adams

Field ID: MSED-07 Sample Matrix: SOIL Prep Batch: RE040611-1 Final Aliquot: 2.11 g
Lab.ID: - 0405096-7 Prep SOP: PAI 783 Rev 5 QCBatchID: REQ40611-1-1 Prep Basis: Dry Weight
_Lan b Date Collected: 07-May-04 Run ID: RE040630-1 Moisture{%): NA

Date Prepared: 11-Jun-04 Count Time: 15 minutes Result Units: pCi/g
Date Analyzed: 28-Jun-04 Report Basis: Dry Weight File Name: Manual Entry
CASNO Target Nuclide Resuit +/- 2 s TPU MDC Lab Qualifier
13982-63-3 Ra-226 524 +/-94 0.3 M3
Comments:

Qualifiers/Flags:

U - Result is less than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.

Y2 - Chemical Yield outside default limits.

LT - Result is less than Requested MDG, greater than sample specific MDC.

M3 - The requested MDC was not met, but the reported

activity is greater than the reported MDC.

M - The requested MDC was not met.

Abbreviations:

TPU - Total Propagated Uncertainty (see PAI SOP 743}

MDC - Minimum Detectable Concentration {(see PAI SOP 709)

BDL - Below Detection Limit

Data Package ID; REM0405096-1
Date Printed: Friday, July 16, 2004 Paragon Analytics Page 7 of 29

LIMS Version: 5.040A
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Ra-226 by Radon Emanation - Method 903.1

PAlI 783 Rev 5
Sample Results

Lab Name: Paragon Analytics
Work Order Number: 0405096
Client Name: Kent & Sullivan Inc.
ClientProject ID: Ross Adams

Field 1D: - MSED-08 Sample Matrix: SOIL Prep Batch: REC40611-1
; Prep SOP: PAI 783 Rev 5 QCBatchlD: RE040611-1-1
Lab iD: 0405096-8
b 1D Date Collected: 07-May-04 Run ID: RE040630-1

Date Prepared: 11-Jun-04 Count Time: 15 minutes
Date Analyzed: 29-Jun-04 Report Basis: Dry Weight

Final Afiquot: 2.12 g
Prep Basis: Dry Weight
Moisture(%): NA
Resuit Units: pCi/g
File Name: Manual Entry

CASNO Target Nuclide Result +/- 2 s TPU

MDC

Lab Qualifier

13982-63-3 Ra-226 64 +/-12

M3

Comments:

Qualifiers/Flags:
U - Resultis less than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.
Y2 - Chemical Yield outside default limits.
LT - Result is less than Requested MDC, greater than sample specific MDC.,

M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.

M - The requested MDC was not met.

Abbreviations:

TPU - Total Propagated Uncertainty (see PAI SOP 743)

MDC - Minimum Detectable Congentration (see PAl SOP 709)
BDL - Below Detection Limit

Data Package ID: REM0405096-1

Date Printed: Friday, July 16, 2004 Paragon Analytics
LIMS Version: 5.040A

Page 8 of 29
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Ra-226 by Radon Emanation - Method 903.1

PAI 783 Rev 5

Sample Results

Lab Name: Paragon Analytics
Work Order Number: 0405096
Client Name: Kent & Sullivan inc.
ClientProject ID: Ross Adams

LIMS Version: 5.040A

Field ID: -MSED-09 Sample Matrix: SOIL Prep Batch: RE040611-1 Final Aliquot: 2.15 g
Lab ID:. 0405096-9 Prep SOP: PA! 783 Rev 5 QCBatchID: RE040611-1-1 Prep Basis: Dry Weight
- : Date Collected: 07-May-04 Run ID: RE040630-1 Moisture(%): NA

Date Prepared: 11-Jun-04 Count Time: 15 minutes Result Units: pCi/g
Date Analyzed: 29-Jun-04 Report Basis: Dry Weight File Name: Manual Entry
CASNO Target Nuclide Result +/- 2 s TPU MDC Lab Qualifier
13982-63-3 Ra-226 16.1 +- 3.0 0.2 M3
Comments:

Qualifiers/Flags:

U - Result is less than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.

Y2 - Chemical Yield outside default limits.

LT - Result is less than Requested MDC, greater than sample specific MDC.

M3 - The requested MDC was not met, but the reported

activity is greater than the reported MDC.

M - The requested MDC was not met.

Abbreviations:

TPU - Total Propagated Uncertainty (see PAl SOF 743)

MDC - Minimum Detectable Concentration (see PAI SOP 709)

BDL - Below Datection Limit
Data Package ID: REM0405096-1

Date Printed: Friday, July 16, 2004 Paragon Analytics

Page 9 of 29
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Ra-226 by Radon Emanation - Method 903.1

PAI 783 Rev 5
Sample Results

Lab Name: Paragon Analytics
Work Order Number: 0405096
Client Name: Kent & Sullivan Inc.
ClientProject ID: Ross Adams

‘Field ID: - MSED-10 Sample Matrix: SOIL Prep Batch: RE040611-1 Final Aliquot: 2.06 g
LabID: 0405096-10 Prep SOP: PAI 783 Rev 5 QCBatchlID: RE040611-1-1 Prep Basis: Dry Weight
»- Date Collected: 07-May-04 Run ID: RE040630-1 Moisture(%]): NA
Date Prepared: 11-Jun-04 Count Time: 15 minutes Result Units: pCi/g
Date Analyzed: 29-Jun-04 Report Basis: Dry Weight File Name: Manual Entry
CASNO Target Nuclide Result +/- 2 s TPU MDC Lab Qualifier
13982-63-3 Ra-226 17.7 +- 3.3 0.3 M3

Comments:

QualifiersiFlags:
U - Result is less than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.
Y2 - Chemical Yteld outside defauit timits.
LT - Result is less than Requested MDC, greater than sample specific MDC.

M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.

M - The requested MDC was not met.

Abbreviations:

TPU - Total Propagated Uncertainty (see PAl SOP 743)

MDC - Minimum Detectable Concentration {see PA| SOP 709)
BDL - Below Detection Limit

Data Package ID: REM0405096-1

Date Printed: Friday, July 16, 2004 Paragon Analytics
LIMS Version: 5.040A

Page 10 of 29
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Ra-226 by Radon Emanation - Method 903.1

PAI 783 Rev 5
Sample Duplicate Results

Lab Name: Paragon Analytics
Work Order Number: 0405096
Client Name: Kent & Sullivan Inc.
ClientProject ID: Ross Adams

Sample Matrix: SOIL Prep Batch: RE040611-1
Prep SOP: PAI 783 Rev 5 QCBatchlD: RE040611-1-1
Date Collected: 07-May-04 Run ID: RE040630-1
Date Prepared: 11-Jun-04 Count Time: 15 minutes
Date Analyzed: 29-Jun-04 Report Basis: Dry Weight

Field ID; MSED-10
Lab ID: 0405096-10DUP

Final Aliquot: 2.23 g
Prep Basis: Dry Weight
Moisture{%): NA
Result Units: pCi/g
File Name: Manuai Entry

CASNO Target Nuclide Result +/- 2 s TPU MDC

Lab Qualifier

13982-63-3 Ra-226 19.5 +/- 3.6 0.3

M3

Comments:

Qualifiers/Flags:

U - Result is less than the sample specific MDC.

¥1 - Chemical Yield is in control at 100-110%. Quantitative yield is assumed.

Y2 - Chemical Yield outside default limits.

LT - Result is less than Requested MDC, greater than sample specific MDC.

M - The requested MDC was not met.

M3 - The requested MDC was not met, but thereported activity is greater than the reported MDC.
W - DER is greater than Waming Limit of 1.42

D - DER is greater than Control Limit of 2.13

Abbreviations:
TPU - Total Propagated Uncertainty (see PAl SOP 743)

MDC - Minimum Detectable Concentration (see PAl SOP 709)

BDL - Below Detection Limit

Data Package ID: REM0405096-1

Date Printed: Friday, July 16, 2004 Paragon Analytics
LIMS Version: 5.040A

Page 2 of 3.
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Ra-226 by Radon Emanation - Method 903.1

PAI 783 Rev 5
Sample Results

Lab Name: Paragon Analytics
Work Order Number: 0405096
Client Name: Kent & Sullivan Inc.

ClientProject ID: Ross Adams

Field [D: SSED-01 Sample Matrix: SOIL Prep Batch: RE040611-1 Final Aliquot: 2.09 g
Lab ID:  0405096-11 Prep SOP: PAl 783 Rev 5 QCBatchlID: RE040611-1-1 Prep Basis: Dry Weight
K Date Collected: 05-May-04 Run ID; RE040630-1 Moisture(%): NA
Date Prepared: 11-Jun-04 Count Time: 15 minutes Result Units: pCi/g
Date Analyzed: 29-Jun-04 Report Basis: Dry Weight File Name: Manual Entry
CASNO Target Nuclide Result +/- 2 s TPU MDC Lab Qualifier
13982-63-3 Ra-226 1.99 +/- 0.48 0.17 M3

Comments:

QualifiersiFlags:
U - Resultis less than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.
Y2 - Chemical Yield outside default limits.
LT - Result is less than Requested MDC, greater than sample specific MDC.

M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.

M - The requested MDC was not met,

Abbreviations:

TPU - Total Propagated Uncertainty {see PAI SOP 743}

MDC - Minimum Detectable Concentration (see PAI SOP 709)
BDL - Betow Detection Limit

Data Package ID: REM0405096-1

Date Printed: Friday, July 16, 2004 Paragon Analytics
LIMS Version: 5.040A

Page 11 of 29
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Ra-226 by Radon Emanation - Method 903.1

PAI 783 Rev 5
Sample Results

I.ab Name: Paragon Analytics
Work Order Number: 0405096
Client Name: Kent & Sullivan Inc.

ClientProject ID: Ross Adams

Field 1D: - SSED-02 Sample Matrix: SOIL Prep Batch: RE040611-1 Final Aliquot: 2.20 g
L b:lD'- 0405096-12 Prep SOP: PAI 783 Rev 5 QCBatchlID: REG40611-1-1 Prep Basis: Dry Weight
o Date Collected: 05-May-04 Run ID: RE040630-1 Moisture(%): NA
Date Prepared: 11-Jun-04 Count Time: 90 minutes Result Units: pCi/g
Date Analyzed: 12-Jul-04 Report Basis: Dry Weight File Name: Manual Entry
CASNO Target Nuclide Result +/- 2 s TPU MDC Lab Qualifier
13982-63-3 Ra-226 0.67 +/-0.13 0.04

Comments:

QualifiersiFlags:
U - Result is less than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.
Y2 - Chemical Yield outside default limits.
LT - Result is less than Requested MDC, greater than sample specific MDC.

M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.

M - The requested MDC was not met.

Abbreviations:

TPU - Total Propagated Uncertainty {see PAl SOP 743)

MDC - Minimum Detectable Concentration (see PAI SOP 708)
BDL - Below Detection Limit

Data Package ID: REM0405096-1

Date Printed: Friday, July 16, 2004 Paragon Analytics
LIMS Version: 5.040A

Page 12 of 29
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Ra-226 by Radon Emanation - Method 903.1

PAI 783 Rev 5
Sample Results

Lab Name: Paragon Analytics
Work Order Number: 0405096
Client Name: Kent & Sullivan Inc.
ClientProject ID: Ross Adams

“Field ID: SSED-03 Sample Matrix: SOIL Prep Batch: RE040611-1
L ' Prep SOP: PAI 783 Rev 5 QCBatchID: RE040611-1-1
v 0405096-13
LabID Date Collected: 04-May-04 Run ID:; RE040630-1

Date Prepared: 11-Jun-04 Count Time: 15 minutes
Date Analyzed: 28-Jun-04 Report Basis: Dry Weight

Final Aliquot; 2.09 g
Prep Basis: Dry Weight
Moisture{%}: NA
Result Units: pCi/g
File Name: Manual Entry

CASNO Target Nuclide Result +/- 2 s TPU

MDC

Lab Qualifier

13982-63-3 Ra-226 149 +-0.47

0.53

M3

Comments:

Qualifiers/Flags:

U - Result is less than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantiative Yield is assumed.
Y2 - Chemical Yieild outside default limits.

LT - Result Is less than Requested MDC, greater than sample specific MDC.

M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.

M - The requested MDC was not met.

Abbreviations:

TPU - Total Propagated Uncertainty (see PAI SOP 743)

MDC - Minimum Detectable Concentration (see PAl SOP 709)

BOL - Below Detection Limit

Data Package ID: REM0405096-1

Date Printed: Friday, July 16, 2004 Paragon Analytics
LIMS Version: 5.040A

Page 13 of 29

000032



Ra-226 by Radon Emanation - Method 903.1

PAI 783 Rev 5
Sample Results

Lab Name: Paragon Analytics
Work Order Number: 0405096
Client Name: Kent & Sullivan Inc.
ClientProject ID: Ross Adams

Field ID: SSED-04 Sample Matrix: SOIL Prep Batch: RE040611-1
) : Prep SOP: PAI 783 Rev 5 QCBatchID: RE040611-1-1
1 0405096-14
tabiD: © Date Collected: 04-May-04 Run ID: RE040630-1

Final Aliquot: 2.15 g
Prep Basis: Dry Weight
Moisture(%): NA

Date Prepared: 11-Jun-04 Count Time: 15 minutes Result Units: pCi/g

Date Analyzed: 29-Jun-04 Report Basis: Dry Weight File Name: Manual Entry
CASNO Target Nuclide Result +/- 2 s TPU MDC Lab Qualifier
13982-63-3 I Ra-226 1.60 +/- 0.40 024 M3

Comments:

Qualifiers/Flags:
U -Result is less than the sample specific MDC.,

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.
Y2 - Chemical Yield outside default limits.
LT - Result is less than Requested MDC, greater than sample specific MDC,

M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.

M - The requestied MDC was not met.

Abbreviations:

TPU - Total Propagated Uncertainty (see PAI SOP 743)

MDGC - Minimum Detectable Concentration (see PAlI SOP 709)
BOL - Below Detection Limit

Data Package ID: REM0405096-1

Date Printed: Friday, July 16, 2004 Paragon Analytics
LIMS Version: 5.040A

Page 14 of 29
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Ra-226 by Radon Emanation - Method 903.1

PAI 783 Rev 5
Sample Results

Lab Name: Paragon Analytics
Work Order Number: 0405096
Client Name: Kent & Sullivan inc.

ClientProject ID: Ross Adams

Field ID: . SSED-05 Sample Matrix: SOIL Prep Batch: RE040611-1
Lab ID: 040500615 Prep SOP: PAI 783 Rev 5 QCBatchID: RE040611-1-1
k Date Collected: 04-May-04 Run ID: RE040630-1

Final Aliquot: 2.01 g
Prep Basis: Dry Weight
Moisture(%): NA

Date Prepared: 11-Jun-04 Count Time: 15 minutes Result Units: pCi/g

Date Analyzed: 28-Jun-04 Report Basis: Dry Weight File Name: Manual Entry
CASNO Target Nuclide Result +/- 2 s TPU MDC Lab Qualifier
13982-63-3 | Ra-226 4.50 +/- 0.94 0.28 M3

Comments:

Qualifiers/Flags:

U -Resultis less than the sample spegcific MDC.,

Y1 - Chemigal Yield is in control at 100-110%. Quantitative Yield is assumed.
Y2 - Chemical Yield outside default limits.

LT - Result is less than Requested MDC, greater than sample specific MDC.

M3 - The requested MDC was not met, but the reporied
aclivity is greater than the reported MDC.

M- The requested MDC was not met.

Abbreviations:

TPU - Total Propagated Uncertainty (see PAI SOP 743)

MDC - Minimum Detectable Concentration (see PAlI SOP 709)
BDL - Beiow Detection Limit

Data Package ID: REM0405096-1

Date Printed: Friday, July 16, 2004 Paragon Analytics
LIMS Version: 5.040A

Page 15 of 29
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Ra-226 by Radon Emanation - Method 903.1

PAI 783 Rev 5
Sample Results

Lab Name: Paragon Analytics
Work Order Number: 0405096
Client Name: Kent & Sullivan Inc.
ClientProject ID: Ross Adams

. LabID: 0405096-16

Date Coliected: 04-May-04

Field [D: SSED-06 Sample Matrix: SOIL Prep Batch: RE040611-1
: Prep SOP: PAI 783 Rev 5 QCBatchiD: RE040614-1-1

Run ID: RE040630-1

Final Aliquot: 2.18 g
Prep Basis: Dry Weight
Moisture(%): NA

Date Prepared: 11-Jun-04 Count Time: 15 minutes Result Units: pCiig

Date Analyzed: 29-Jun-04 Report Basis: Dry Weight File Name: Manual Entry
CASNO Target Nuclide Result +/- 2 s TPU MDC Lab Qualifier
13982-63-3 Ra-226 0.78 +/- 0.33 0.42 M3

Comments:

Qualifiers/Flags:

U - Result is less than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yieid is assumed.
Y2 - Chemical Yield outside default limits.

LT - Result is iess than Requested MDC, greater than sample specific MDC.

M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.

M - The requested MDC was not met.

Abbreviations:

TPU - Total Propagated Uncertainty (see PAI SOP 743)

MDC - Minimum Detectable Goncentration (see PAl SOP 709}
BDL - Below Detection Limit

Data Package ID: REM0405096-1

Date Printed: Friday, July 16, 2004 Paragon Analytics
LIMS Version: 5.040A

Page 16 of 29
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Ra-226 by Radon Emanation - Method 903.1

PAI 783 Rev 5
Sample Results

Lab Name: Paragon Analytics
Work Order Number: 0405096
Client Name: Kent & Sullivan Inc.

ClientProject ID: Ross Adams

Field iD: SSED-07 Sample Matrix: SOIL Prep Batch: RE040611-1 Final Aliquot: 2.05 g
Lab |D.' 040509617 Prep SOP: PAI 783 Rev § QCBatchlID: RE040611-1-1 Prep Basis: Dry Weight
. Date Collected: 04-May-04 Run ID: REQ40630-1 Moisture(%): NA
Date Prepared: 11-Jun-04 Count Time: 15 minutes Result Units: pCi/g
Date Analyzed: 29-Jun-04 Report Basis: Dry Weight File Name: Manual Entry
CASNO Target Nuclide Result +/- 2 s TPU MDC Lab Qualifier
13982-63-3 Ra-226 1.44 +/- 0.55 0.73 M3

Comments:

QualifiersiFlags:
U -Result is less than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.
Y2 - Chemical Yield outside defauit limits.
LT - Result is less than Requested MDC, greater than sample specific MDC.

M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.

M - The requested MDC was not met.

Abbreviations:
TPU - Total Propagated Uncertainty (see PAI SOP 743)
MDC - Minimum Detectabie Concentration (see PAI SOP 709)

BDL - Below Detection Limit

Data Package ID: REM0405096-1

Date Printed: Friday, July 16, 2004 Paragon Analytics
LIMS Version: 5.040A

Page 17 of 29
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Ra-226 by Radon Emanation - Method 903.1

PAI 783 Rev 5
Sample Results

Lab Name: Paragon Analytics
Work Order Number: 0405096
Client Name: Kent & Sullivan Inc.
ClientProject ID: Ross Adams

Field ID: SSED-08 Sample Matrix: SOIL Prep Batch: RE040611-1 Final Aliquot: 2.25 g
Lab ID: 040509618 Prep SOP: PAI 783 Rev 5 QCBatchiD: REC40611-1-1 Prep Basis: Dry Weight
e Date Collected: 05-May-04 Run ID: REQ40630-1 Motsture(%): NA
Date Prepared: 11-Jun-04 Count Time: 15 minutes Result Units: pCi/g
Date Analyzed: 29-Jun-04 Report Basis: Dry Weight File Name: Manual Entry
CASNO Target Nuclide Result +/- 2 s TPU MDC Lab Qualifier
13982-63-3 Ra-226 67 +-12 0 M3

Comments:

QualifiersiFlags:
U - Result is less than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.
Y2 - Chemical Yield outside default limits.
LT - Result is less than Requested MDC, greater than sample specific MDC.

M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.

M - The requested MDC was not met.

Abbreviations:

TPU - Toltal Propagated Uncertainty {see PAl SOP 743)

MDC - Minimum Detectable Concentration {see PAl SOP 708)
BDL - Below Detection Limit

Data Package ID: REM0405096-1

Date Printed: Friday, July 16, 2004 Paragon Analytics
LIMS Version: 5.040A

Page 18 of 29
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Ra-226 by Radon Emanation - Method 903.1

PAIl 783 Rev 5
Sample Results

Lab Name: Paragon Analytics
Work Order Number: 0405006
Client Name: Kent & Sullivan inc.

ClientProject ID: Ross Adams

Field ID; SSED-09 Sample Matrix: SOIL Prep Batch: RE040611-1
) Prep SOP: PAI 783 Rev 5 QCBatchlD: RE040611-1-1
1D: - 0405096-19
i Date Collected: 05-May-04 Run ID: RE040630-1

Final Aliquot: 2.03 g
Prep Basis: Dry Weight
Moisture(%): NA

Date Prepared: 11-Jun-04 Count Time: 15 minutes Result Units: pCi/g

Date Analyzed: 30-Jun-04 Report Basis: Dry Weight File Name: Manual Entry
CASNO Target Nuclide Result +/- 2 s TPU MDC Lab Qualifier
13982-63-3 Ra-226 75+/-14 0.2 M3

Comments:

Qualifiers/Flags:
U - Resultis less than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.
Y2 - Chemical Yield outside default limits.
LT - Result is less than Requested MDC, greater than sample specific MDC.

M3 - The requested MDC was not met, but the reported
aclivity is greater than the reported MDC.

M - The requested MDC was not met.

Abbreviations:

TPU - Total Propagated Uncertainty (see PAI SOP 743)

MDC - Minimum Detectable Concentration (see PAI SOP 709)
BDL - Below Detection Limit

Data Package ID: REM0405096-1

Date Printed: Friday, July 16, 2004 Paragon Analytics
LIMS Version: 5.040A

Page 19 of 29

D30333



Ra-226 by Radon Emanation - Method 903.1

PAI 783 Rev 5
Sample Results

Lab Name: Paragon Analytics
Work Order Number: 0405096
Client Name: Kent & Sullivan Inc.

ClientProject ID: Ross Adams

FleldiD: SSED-10 Sample Matrix: SOIL Prep Batch: RE040611-1 Final Aliquot: 2.05 g
Lab ID: 0405096-20 Prep SOP: PAI 783 Rev § QCBatchID: RE040611-1-1 Prep Basis: Dry Weight
a ' Date Collected: 04-May-04 Run ID: RE040630-1 Moisture(%): NA
Date Prepared: 11-Jun-04 Count Time: 15 minutes Result Units: pCi/g
Date Analyzed: 29-Jun-04 Report Basis: Dry Weight File Name: Manual Entry
CASNO Target Nuclide Result +/- 2 s TPU MDC Lab Qualifier
13982-63-3 Ra-226 5.7+-12 0.2 M3
Comments:
Qualifiers/Flags:
U - Resultis less than the sample specific MDC.
Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.
¥2 - Chemical Yield outside default limits.
LT - Result is less than Requested MDC, greater than sample specific MDC.
M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.
M - The requested MDC was not met.
Abbreviations:
TPU - Total Propagated Uncertainty (see PAI SOP 743)
MDC - Minimum Detectable Concentration {see PAI SOP 709)
BDL - Below Detection ELimit
Data Package ID: REM0405096-1
Date Printed: Friday, July 16, 2004 Paragon Analytics Page 20 of 29

LIMS Version: 5.040A
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Ra-226 by Radon Emanation - Method 903.1

PAIl 783 Rev 5
Sample Results

Lab Name: Paragon Analytics
Work Order Number: 0405096
Client Name: Kent & Sullivan Inc.
ClientProject ID: Ross Adams

Field ID; . GEN-02
Lab ID: 040509622

Date Collected: C7-May-04

Sample Matrix: SOIL Prep Batch: RE040611-2
Prep SOP: PAI 783 Rev § QCBatchID: RE040611-2-1

Run ID: RE040628-1A

Final Aliquot: 2.25 g
Prep Basis: Dry Weight
Moisture(%): NA

Date Prepared: 11-Jun-04 Count Time: 15 minutes Result Units: pCi/g

Date Analyzed: 28-Jun-04 Report Basis: Dry Weight File Name: Manual Entry
CASNO Target Nuclide Result +/- 2 s TPU MDC Lab Qualifier
13982-63-3 Ra-226 5.7 +-1.1 0.2 M3

Comments:

Qualifiers/Flags:
U - Resultis less than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.
Y2 - Chemicat Yield outside default limits.
LT - Result is less than Requested MDC, greater than sample specific MDC.

M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.

M - The requested MDC was not met.

Abbreviations:

TPU - Total Propagated Uncertainty (see PAI SOP 743)

MDC - Minimum Detectable Concentration (see PA! SOP 709)

BDL - Below Detection Limit

Data Package ID: REM0405096-1

Date Printed: Friday, July 16, 2004 Paragon Analylics
LIMS Version: 5.040A

Page 21 of 29
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Ra-226 by Radon Emanation - Method 903.1

PAI 783 Rev §

Sample Results

Lab Name: Paragon Analytics
Work Order Number: 0405096
Client Name: Kent & Sullivan Inc.
ClientProject ID: Ross Adams

Field ID: SOIL-01 Sample Matrix: SOIILTBB < Prep Batch: RE040611-2 Final Aliquot: 2.01 g
Prep SOP: PA ev5s QCBatchiD: RE040611-2-1 Prep Basis: Dry Weight
; . 0405096-25
Lab ID: Date Collected: 06-May-04 Run ID: RE040628-1A Moisture{%): NA
Date Prepared: 11-Jun-04 Count Time: 15 minutes Result Units: pCi/g
Date Analyzed: 28-Jun-04 Report Basis: Dry Weight File Name: Manual Entry
CASNO Target Nuclide Result +/- 2 s TPU MDC Lab Qualifier
13982-63-3 Ra-226 11.7 +-22 0.2 M3

Comments:

QualifiersiFlags:
U - Result is less than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed,
Y2 - Chemical Yield outside default limits.
LT - Result is less than Requested MDC, greater than sample specific MDC.

M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.

M - The requested MDC was not met.

Abbreviations:

TPU - Total Propagated Uncertainty (see PAI SOP 743)

MDC - Minimum Detectable Concentration (see PAI SOP 709)
BDL - Below Detection Limit

Data Package ID: REM0405096-1

Date Printed: Friday, July 16, 2004 Paragon Analytics
LIMS Version: 5.040A

Page 22 of 29
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Ra-226 by Radon Emanation - Method 903.1

PAI 783 Rev 5
Sample Results

Lab Name: Paragon Analytics
Work Order Number: 0405086
Client Name: Kent & Sullivan Inc.
ClientProject ID: Ross Adams

Eield ID: SOIL-02 Sample Matrix: SOIL Prep Batch: REQ40611-2
Lab ID: 040500626 Prep SOP: PAl 783 Rev 5 QCBatchiD: RE040611-2-1
— Date Coltected: 06-May-04 Run ID: RE040628-1A

Date Prepared: 11-Jun-04 Count Time: 15 minutes
Date Analyzed: 28-Jun-04 Report Basis: Dry Weight

Final Aliquot: 2.07 g
Prep Basis: Dry Weight
Moisture(%): NA
Result Units; pCi/g
File Name: Manual Entry

CASNO Target Nuclide Result +/- 2 s TPU

MDC

Lab Qualifier

13982-63-3 Ra-226 127 +/-2.4

0.1

M3

Comments:

Qualifrers/Flags:
U - Result is less than the sampte specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.
Y2 - Chemical Yield outside default limits.
LT - Resultis less than Requested MDC, greater than sample specific MDC.

M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.

M - The requested MDC was not met.

Abbreviations:

TPU - Total Propagated Uncertainty (see PAl SOP 743)

MDC - Minimum Detectable Concentration (see PAI SOP 709)
BDL - Below Detection Limit

Data Package ID: REM0405096-1

Date Printed: Friday, July 16, 2004 Paragon Analytics
LIMS Version: 5.040A

Page 23 of 29
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Ra-226 by Radon Emanation - Method 903.1

PAl 783 Rev 5
Sample Results

Lab Name: Paragon Analytics
Work Order Number: 0405096
Client Name: Kent & Sullivan inc.

ClientProject ID: Ross Adams

Field ID: SOIL-04 Sample Matrix: SOIL Prep Batch: RE040611-2
. Prep SOP: PAI 783 Rev § QCBatchID: RE040611-2-1
+ +.0405096-27

Lab 1o Date Collected: 06-May-04 Run ID: RE040628-1A

Date Prepared: 11-Jun-04 Count Time: 15 minutes
Date Analyzed: 28-Jun-04 Report Basis: Dry Weight

Final Aliquot: 2.02 g
Prep Basis: Dry Weight
Moisture(%): NA
Result Units: pCi/g
File Name: Manual Entry

CASNO Target Nuclide Result +/- 2 s TPU

MDC

Lab Qualifier

13982-63-3 Ra-226 122 +/- 22

M3

Comments:

Qualifiers/Flags:
U - Resultis less than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.
Y2 - Chemical Yield cutside default limits.
LT - Result is less than Requested MDC, greater than sample specific MDC.

M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.

M - The requested MDC was not met.

Abbreviations:

TPU - Total Propagated Uncertainty {see PAI SOP 743)

MDC - Minimum Detectable Concentration {(see PAI SOP 709)
BDL - Below Detection Limit

Data Package ID: REM0405096-1

Date Printed: Friday, July 16, 2004 Paragon Analytics
LIMS Version: 5.040A

Page 24 of 29
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Ra-226 by Radon Emanation - Method 903.1

PAI 783 Rev 5
Sample Resuits

Lab Name: Paragon Analytics
Work Order Number: 0405096
Clieni Name: Kent & Sullivan Inc.

ClientProject ID: Ross Adams

D 0405096-2
LabiD: . 096-28 Date Collected: 06-May-04

Field ID:" SOIL05 Sample Matrix: SOIL Prep Batch: RE040611-2
Prep SOP: PAl 783 Rev 5 QCBatchID: RE040611-2-1

Run ID: RE(Q40628-1A

Final Aliquot: 2.17 g
Prep Basis: Dry Weight
Moisture(%): NA

Date Prepared: 11-Jun-04 Count Time: 15 minutes Result Units: pCi/g

Date Analyzed: 28-Jun-04 Report Basis: Dry Weight File Name: Manual Entry
CASNO Target Nuclide Result +/- 2 s TPU MDC Lab Qualifier
13982-63-3 Ra-226 25.0+/-46 0.2 M3

Comments:

QualifiersiFlags:
U - Result is less than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.
Y2 - Chemical Yield outside default limits.
LT - Result is less than Requested MDC, greater than sample specific MDC.

M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.

M - The reguested MDC was not met.

Abbreviations:

TPU - Total Propagated Uncertainty (see PAI SOP 743)

MDC - Minimum Detectable Concentration (see PAI SOP 708)

BDL - Below Detection Limit

Data Package ID: REM0405096-1

Date Printed: Friday, July 16, 2004 Paragon Analytics
LIMS Version: 5.040A

Page 25 of 29
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Ra-226 by Radon Emanation - Method 903.1

PAI 783 Rev 5
Sample Results

Lab Name: Paragon Analytics
Work Order Number: 0405096
Client Name: Kent & Sullivan inc.

ClientProject ID: Ross Adams

Field ID: . SOIL-07 Sample Matrix: SOIL Prep Batch: RE040611-2
) Prep SOP: PAl 783 Rev 5 QCBatchiD: RE040611-2-1
+ 0405096-29
Lab 1D: Date Collected: 07-May-04 Run ID: RE040628-1A

Final Aliquot: 2.06 g
Prep Basis: Dry Weight
Moisture(%): NA

Date Prepared: 11-Jun-04 Count Time: 15 minutes Result Units: pCi/g

Date Analyzed: 28-Jun-04 Repert Basis: Dry Weight File Name: Manual Entry
CASNO Target Nuclide Result +/- 2 s TPU MDC Lab Qualifier
13982-63-3 Ra-226 3.93 +/- 0.82 0.18 M3

Comments:

Qualifiers/Flags:
U - Resultis less than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.
Y2 - Chemical Yield cutside default limits,
LT - Result is less than Requested MDC, greater than sample specific MDC.

M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.

M - The requested MDC was not met.

Abbreviations:

TPU - Total Propagated Uncertainty (see PAI SOP 743)

MDC - Minimum Detectable Concentration (see PAI SOP 709)
BDL - Below Detection Limit

Data Package ID: REM0405096-1

Date Printed: Friday, July 16, 2004 Paragon Analytics
LIMS Version: 5.040A

Page 26 of 29
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Ra-226 by Radon Emanation - Method 903.1

PAI 783 Rev 5
Sample Results

Lab Name: Paragon Analytics
Work Order Number: 0405096
Client Name: Kent & Sullivan Inc.

ClientProject ID: Ross Adams

Field ID: - SOIL-08 Sample Matrix: SOIL Prep Batch: RE040611-2
Lab '|D'-.' 0405096-30 Prep SOP: PAI 783 Rev 5 QCBatchID: RE040611-2-1
ab 1o Date Collected: 07-May-04 Run ID: RE040628-1A

Date Prepared: 11-Jun-04 Count Time: 15 minutes
Date Analyzed: 28-Jun-04 Report Basis: Dry Weight

Final Aliquot: 2.19g
Prep Basis: Dry Weight
Moisture(%): NA
Result Units: pCi/g
File Name: Manual Entry

CASNO Target Nuclide Result +/- 2 s TPU

MDC

Lab Qualifier

13982-63-3 Ra-226 126 +/- 23

M3

Comments:

Qualifiers/Flags:
U - Resultis less than the sample specific MDC,

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.
Y2 - Chemical Yield cutside default fimits.
LT - Result is less than Requested MDC, greater than sample specific MDC.

M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.

M - The requested MDC was not met.

Abbreviations:

TPU - Total Propagated Uncertainty (see PAI SOP 743)

MODC - Minimum Detectable Concentration (see PAl SOP 709)
BOL - Below Detection Limit

Data Package ID: REM0405096-1

Date Printed: Friday, July 16, 2004 Paragon Analytics
LIMS Version: 5.040A

Page 27 of 29
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Ra-226 by Radon Emanation - Method 903.1

PAI 783 Rev 5
Sample Duplicate Results

Lab Name: Paragon Analytics
Work Order Number: 0405096
Client Name: Kent & Sulfivan Inc.
ClientProject ID: Ross Adams

" LabID; 0405096-30DUP

Date Collected: 07-May-04

Field ID: SOIL-08 Sample Matrix; SOIL Prep Batch: RE040611-2
Prep SOP: PAI 783 Rev 5 QCBatchID: RE040611-2-1

Run ID: REQ40628-1A

Date Prepared: 11-Jun-04 Count Time: 15 minutes
Date Analyzed: 28-Jun-04 Report Basis: Dry Weight

Final Aliquot: 2.01 g
Prep Basis: Dry Weight
Moisture{%): NA
Result Units: pCi/g
File Name: Manual Entry

CASNO Target Nuclide Result +/- 2 s TPU

MDC

Lab Qualifier

13982-63-3 Ra-226 121 +/- 22

M3

Comments:

Qualifiers/Flags:

U - Result is less than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative yield is assumed.

Y2 - Chemical Yield outside default fimits.

LT - Result is less than Requested MDC, greater than sample specific MDC.

M - The requested MDC was not met.

M3 - The requested MDC was not met, but thereported activity is greater than the reported MDC.
W - DER is greater than Waming Limit of 1.42

D - DER is greater than Control Limit of 2,13

Abbreviations:
TPU - Total Propagated Uncertainty (see PAI SOP 743)
MDG - Minimum Detectable Concentration (see PAI SOP 709)

BDL - Below Detection Limit

Data Package ID: REM0405096-1

Date Printed: Friday, July 16, 2004 Paragon Analytics
LIMS Version: 5.040A

Page 30of 3
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Ra-226 by Radon Emanation - Method 903.1

PAI 783 Rev 5
Sample Results

Lab Name: Paragon Analytics
Work Order Number: 0405096
Client Name: Kent & Sullivan Inc.
ClientProject ID: Ross Adams

‘Field ID: SOIL-09 Sample Matrix: SOIL Prep Batch: RE040611-2
: Prep SOP: PAI 783 Rev 5 QCBatchlD: RE040611-2-1
= 0405096-31
Lab ID: Date Collected: 07-May-04 Run ID: RE040628-1A

Date Prepared: 11-Jun-04 Count Time: 15 minutes
Date Analyzed: 28-Jun-04 Report Basis: Dry Weight

Final Aliquot: 2.28 g
Prep Basis: Dry Weight
Moisture(%): NA
Result Units: pCi/g
File Name: Manual Entry

CASNO Target Nuclide Result +/- 2 s TPU

MDC

Lab Qualifier

13982-63-3 Ra-226 53+/-1.0

0.3

M3

Comments:

QualifiersiFlags:
U - Result is less than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.
Y2 - Chemical Yield outside default limits.
LT - Result is less than Requested MDC, greater than sample specific MDC.

M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.

M - The requested MDC was not met.

Abbreviations:

TPU - Total Propagated Uncertainty {(see PAlI SOP 743)

MDC - Minimum Detectable Concentration (see PAI SOP 708)
BDL - Below Detection Limit

Data Package ID: REM0405096-1

Date Printed: Friday, July 16, 2004 Paragon Analytics
LIMS Version: 5.040A

Page 28 of 29
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Ra-226 by Radon Emanation - Method 903.1

PAI 783 Rev 5
Sample Results

Lab Name: Paragon Analytics
Work Order Number: 0405096
Client Name: Kent & Sullivan Inc.
ClientProject ID: Ross Adams

Field ID; SOILL-10 Sample Matrix: SOIL Prep Batch: RE040611-2
Lab m: 0405096-32 Prep SOP: PAI 783 Rev 5 QCBatchID: RE040611-2-1
i Date Collected: 07-May-04 Run ID: RE040628-1A

Date Prepared: 11-Jun-04 Count Time: 15 minutes
Date Analyzed: 28-Jun-04 Report Basis: Dry Weight

Final Aliquot: 2.01 g
Prep Basis: Dry Weight
Moisture(%): NA
Result Units: pCi/g
File Name: Manual Enfry

CASNO Target Nuclide Result +/- 2 s TPU

MDC

Lab Qualifier

13982-63-3 Ra-226 221 +/- 40

M3

Comments:

Qualifiers/Flags:
U - Result is less than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.
Y2 - Chemiical Yield outside default limits.
LT - Result is less than Requested MDC, greater than sample specific MDC.

M3 - The requested MDC was not met, but the reported
aclivily is greater than the reported MDC.

M - The requested MDC was not met.

Abbreviations:

TPU - Total Propagated Uncertainty (see PAI SOP 743)

MDC - Minimum Detectable Concentration (see PAI SOP 709)

BDL - Below Detection Limit

Data Package ID: REM0405096-1

Date Printed: Friday, July 16, 2004 Paragon Analytics
LIMS Version: 5.040A

Page 29 of 29
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PARAGON ANALYTICS
Radiochemistry Data Package

Section 4 e

RAW DATA
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PARAGON ANALYTICS
Radiochemistry Data Package

Section 5

QUALITY ASSURANCE 6
SUMMARY REPORTS
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NCR # GRhY87 CONTROLLED Paragon Analbytics

NON-CONFORMANCE REPORT

Initiated by \_t . /.) Date {4 l%o o Method/Procedure 22(024 903 .1
Reason: _%Non—Conformance Work Orders Affected ou4 6503 &

___ Client Inquiry

___ Other Clients ¥¢, + h{-«%‘,_w‘ UA
SECTION11 TYPE OF EVENT (circle as appropriate) Expla_nation:-'SHMP LES QHOSO%W -\ DMP,
___ 1. LCS /Surrogate/ IS /Tracer or Chemical Yield ~\ZAmop @&OL{O(Q}%"LFF&”E DD ROT

Criteria Not Met

Acw i ful THE CLIESY PEQUESTED
___ 2. Calibration Criteria Not Met (ICAL, ICV, CCV) MDD oe 0,05 PA /.

. ] J
___ 3. Method Requirements Not Met (HTV, MB, ) = Swwepre BEOMa(o (-7 - B pup ket
4. Deviation from LQAP / SOP (i.e., PAI criteria not met) A CWIEUE TS CLifpT BEQRUEFSTED
L”’5. Client Criteria Not Met (fDE) DER, ) MDC ot cosplifa,

6. Equipment Failure or Laboratory Incident / Error
1. Other

Actions to Prevent Recurrence (Retrain, etc.): yaowé = BARNDIWA ot U RRANCE

SECTIONII NOTIFICATION

Client Contacted? ( Y @ Name: Date: Time:

SECTIONIIT CORRECTIVE ACTIONS ECTIONIV REQUEST FOR REWORK

___ 1. Submit for Re-Prep. or Clean-up Initia : Date:

Jﬂ. Re-analyze ( PECov L.\T) Reworked Batch ID- ya Date:

3. Resubmit Data ( hc, edd, narrative ) Qutcome: \(j I,

__ 4. Document in Narrative g Oy

5. Other . - \

Approved by: E@%DPM PM Approved by: T~
Mairix Effect or Elevated / Sample Activity Suspected? (circle applicable)

SECTIONV  DISPOSITION Useasis Repair )  Reject |

N —

SECTION VI COMMENTS AFTEL FeCOuFT! oubShG6 - (MR wa s ATy Ty ALOUE ALDC .
BpSoTb- 2 oK. @Egﬁgg{n-l-me HAS ACTVWW 1T BELGsw! viDC BT ALl S4mP[8S HAUEL ACTOTY
Meovl M- mggﬁ Plous)-2-MB oF . ALL SAw.PLES dpuuTID ¥of mAX CounT T me (50 M

SECTION VII APPROV

Project Manager (PM) Date b
Department Manager (DP Date 6 [s) (Verification of Disposition)
QA Manager =] Date s

SECTION VIII DISTRIBUTION )35 PM g Dept. Manager Kb Lab Director Rpt.Group or #~ Rad

G-
2 FORM 313r1d.doc (3/8/04)
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Standard Reference Material 4967
Radiozctivity Standard

Radionuclide
Source identification

Source description

Sclution composition

Solution density

Solution mass

Radium-?26 activity concentration
Reference time

Overall uncertainty

'Half life

Calibration method

This standard reference material was prepared in the Physics Laboratory, Ionizing Radiation Division, Radioactivity

Group, Dale D. Hoppes, Group Leader.

Gaithersburg, MD
January 1992

Radium-226 ©O*
SRM 4967

Liquid in a 5-mL, flame-sealed NIST
borosilicate-glass ampoule @

Approximately 1.4 molsL* HCI® containing
1.74 mg BaCl, per gram of solution® and
Ra*2®

1.019 *+ 0.001 gemL* at 22 °C ©@

5.1167 = 0.0027 g @

2729 Bqeg' ®

1200 EST 9 September 1991

1.18 percent ®

1600 = 7 years ™9

NIST pressurized "47"y jonization chamber "A"

calibrated with the national radium standards™?;
and confirmatory measurements ¢

William P. Reed, Chief
Standard Reference Materials Program

*Notes on back

000073



NOTES

W This standard was prepared by gravimetric dilutions of the "1947 series” of *Ra standards which

were recalibrated at NIST (NBS) in 1967. The "age" of the radivm, with accompanying in-growth
of *Pb, is at least 443 years.

@ Approximately five milliliters of solution. Ampoule specifications:
body diameter 165 = 0.5 mm
wall thickness 0.60 = 0.04 mm
barium content less than 2.5 percent
lead'oxide content less than 0.02 percent
other heavy elements trace quantities

&) Corresponding to a 14.9% (by weight) solution of NIST, high-purity, vacuum-distilled hydrochloric
acid (nominal 10 mol+L™") in doubly-distilled water.

@ The BaCl, reagent used to prepare the carrier solution was measured in a NaI(Tl) well counter
and found to contain < 0.01 Bq *Ra per gram of BaCl,.

G The atom ratio of barium carrier to radium in the solution is approximately 2.5 x 10°.

@ The uncertainty in the density is three times the standard deviation of the mean for three
independent gravimetric determinations. Confirmatory measurements based on the total master
solution mass and individually dispensed masses in known volumes were in agreement.

™ Mean mass of the dispensed solution in the ampoule. The uncertainty is three times the standard

deviation of 19 individuaily weighed masses of solution from which the mean mass was calcylated.

® Corresponding to 7.461 x 10® g **Ra per gram of solution assuming a conversion factor of

36.576 kBqspg™.
® The overall uncertainty, 1.18 percent, was formed by taking three:times ithe quadratic combination
of the standard deviation of the mean, or approximations thereof, for the following component
uncertainties:
a) four ion chamber "A" measurements on samples of 2 dilutions 0.051 percent
b) twenty-two comparative ion chamber "A" measurements on 8
"1947(1967 recalibrated) series” of *Ra standards 0.040 percent

¢) ion chamber calibration for the "1947(1967 recalibrated) series"
[with respect to the "radiation balance" primary measurements on

the "1957 series" and national radium standards {(see note 11)] 0.34 percent
d) gravimetric dilution factor 0.1 percent
e) half-life correction 0.0046 percent
f) **Ra mass to activity conversion 0.16 percent

o NCRP Report No. 58, 2nd ed., Appendix A3 (Feb. 1985).

@ For further details on NIST (NBS) radium series calibrations see W.B. Mann, et al,, J. Res. NBS
62, 21-26 (1959). The 1967 recalibration of the "1947 series" and "1957 series” intercomparisons
were made with chamber "A".

9 For confirmation, this **Ra standard series was also directly compared against preparations of the

"1947" (1967 recalibration)”, "1978", and "1984" “*Ra series by **Rn analyses with the NIST pulse-

ionization-chamber Primary Radon Measurement System [R. Collé, et al, J. Res. NIST 95 155-165

(1990); I.M.R. Hutchinson, et al., Appl. Rad. Isot. 43, 175-189 (1992)], by liquid scintillation

counting, and by Nal(Tl) well-crystal and Ge y-spectrometry.

For further information please contact R. Collé, (301) 975-5527.
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Paragon Analytics

Sample Number(s) Cross-Reference Table

Paragon OrderNum:
Client Name:

0405096

Kent & Sullivan Inc.

Client Project Name:

Ross Adams

Client Project Number:
Client PO Number:

Client ' Lab Sample | COC Number | Matrix | Date Time \

Sample " Number | " Collected | Collected |
' MSED-01 7 04050061 - SOIL 06-May-04 ~ 13:00
MSED-02 0405096-2 ) . S0IL 06-May-04  13:40
"MSED-03  0405096-3 o SOIL 06-May-04  14:00
MSED-04  0405096-4  solL 06-May-04 910
'MSED-05 ~ 0405096-5 SoIL 06-May-04 9:20
'MSED-06 04050966 @ SOIL 07-May-04 8:30
'MSED-07 ~ 0405096-7 - solL 07-May-04  9:00
MSED-08 0405096-8 - soll 07-May-04 9:15
MSED-09  0405096-9  sol o7 -May-04 920
MSED-10 ©0405096-10 7 soIL 07-May-04  10:10
'SSED-01 ~ 0405096-11 ~ SOIL  05-May-04 1615
SSED-02 ~ p405096-12 SOIL  05May-04  17:05
'SSED-03  0405096-13 ) CSOIL 04-May-04 1810
SSED-04 ~ 0405096-14 SOIL 04-May-04  17.00
'SSED-05 0405096-15 SOIL  04-May-04 1559
SSED-06 0405096-16 SOIL_ 04-May-04  15:03
SSED-07 0405096-17 SOIL  04-May-04 14:00
'SSED-08  0405096-18 SOIL 05-May-04 12:40
SSED-09 0405096-19 SOIL  05- -May-04 1520
_SSED-10 ~ 0405096-20 SOIL 04-May-04  19:05
'GEN-01 ©0405096-21 SOIL_ . 07-May-04 12140
GEN-02 © 0405096-22 ) SoiL o7- May-04  12:35
"GEN-03 "¢ 0405096-23 soiL o7- -May-04 1250
GEN-04 - 0405096-24 S soiL or- -May-04  13:.06
SOIL-01 *.  03405096-25 SOIL 06-May-04 1600
SOIL-02 ~ 0405096-26 SOIL  06-May-04 1540
SOIL-04 - 0405098-27 'SOIL 06- -May-04 15.04
SOIL-05 0405096-28 TSOIL 08-May-04 1510
'SOIL-07 0405096-29 - solL o7- -May-04  13:50
SOIL-08 0405096-30 solIL o7- -May-04  16:15
SOIL-09 0405096-31 SOIL  07-May-04 1410
SOIL-10 0405096-32 - solL 07-May-04  16:40

Page 1 of 1 Paragon Analytics

LIMS Version: 5.014A

Date Printed: Thursday, May 13, 2004
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Paragon Analytics, Inc. -- Fort Collins, Colorado
CONDITION OF SAMPLE UPON RECEIPT FORM
CLIENT: Ked <+ Soblivaa  WORKORDER NO: o507
PROJECT MANAGER: ___ Debbie  Fadzsg  INITIALS:  /4J  DATE: 5,//2/0}/

I. Does this project require any special handling in addition to standard Qes\\! No
Paragon procedures? -/
. . . I
[S PRE-SCREENING REQUIRED? (radiochemistry, DOE, efc.) ( Yes . No
2. Are custody seals on shipping containers intact? How many custody seals | N/A ?_ﬁgﬁ No
are provided? A Cacd
3. Are the custody seals on sample containers intact? @ A Yes No
4. Is there a Chain-of-Custody {COC) or other representative documents, Yes 'l No
letters, or shipping memos?
3. Is the COC complete? N/A @) No
Relinquished: Yes  No Analyses Requested: Yes ~ No
6. Is the COC in agreement with the samples received? ‘ N/A @ No
No. of Samples:  Yes £/N0 Sample [D's: Yes " No
Matrix: Yes_  No No. of Containers:  Yes ,/ No
7. Were COC (if applicable) and sample labels legible? (ges b No
8. Were airbills present and/or removable? N/A @) * No
9. Are all agueous ;amples requiring chemical preservation preserved correctly |(N/ALT  Yes No
(excluding volatile organics)?
Are all aqueous non-preserved samples at the correct pH? Yes Na
10 Is there enough sample for requested analyses? [f so. were samples placed “Yes, No
in the proper containers?
P Are all samples within holding times for the requested analvses? Yes )y No
12, Were all sample containers received intact? (not broken or leaking, etc.) - Q?;E?&fﬂ‘ NoJ
| 13, Are samples requiring no headspace (volatiles. reactive cvanide/sulfide. N/A T Yes No
‘ radon). headspace free? Size of bubble: < green pea: > dgreen pea
(List sample [Ds and affected containers on Page 2) |
!
4. Were samples checked for and free from the presence of residual chlorine? Qﬁ/A 1 Yes No
Y Y ahi C o = =~ -
Jr. Were the sample(s) shipped onpe? N/A (Y\e_s/ No
| 16, Were cooler temperatures measured @ 0.1 -6 °C 2 IR Gun Used*:(T 2 | N/A | Yes . No
17. Were all sahiples cooled that should have been cooled? N/A i Yes | \o
Cooler #'s - /_2‘-/ v 7 7- 7Y Sty A
Temperature [o” [ Vi /5" /2" /9°  °C
Project Manager Signature / Date: \” iy _,//f’/(‘, 2] ’//( 7
L ’; .
A NO RESPONSE TO ANY QUESTION EXCEPT 2 | REQUIRES THE COMPLETION OF PAGE 2 OF THIS FORM
IR Gun =1 rorgmnaly: Raviek. SN SC-PMZ/TI9403
ER Jun Z2 (newery: Oakton. SN 2SCIR 1201
FORM 201+ o frm 1471020077 Page | of o<
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Paragon Analytics, Inc. -- Fort Collins, Colorado
CONDITION OF SAMPLE UPON RECEIPT FORM
CLIENT: Keed o S 00y  WORKORDER NO: JY0505 ¢
PROJECT MANAGER: ﬁ Al S INITIALS: _@ DATE: 5‘/&1/0/

Custody seals broken (on outside of shipping container or on sample containers).
No Chain-of-Custody {COC) present.
Number of samples on the COC do not match the number of samples received.
Aqueous samples not preserved correctly (see pH discussion below).
SVOC samples contained residual chlorine (list sample IDs and affected containers below).
)( Samples received at inappropriate temperature.
Insufficient sample to perform requested analyses.
Extraction or analytical holding times expired in transit.
< Broken/leaking bottles and intact bottles received in same cooler (list affected sample IDs below).
No apalyses requested.
Incorrect sample type received.
VOAs, reactive CN/S, radon not headspace free (list sample IDs and affected vials below).
Airbills not present and/or removable (record applicable shipper’s tracking number below).
Other (describe below).

Describe discrepancy: .
All - Sconples ceceiveted b froven 9 T - 157 C /Ze/,(—«f A- pase [
2y C-‘\Jt‘f?r —}-e_._ e At o A P ﬁntf( :‘f«bnf )Li. Dur ﬂ—[_pf”f’sf /1.”[:/*‘;.:54 -[;Y~
Coelec  condenminn | Fonifbicied see O pngdecd midh Sqaplos’
—-aﬁ\mu_;_& #/7‘ beHte 2 2 C,a,--‘,{‘z:-.,inu‘ fﬁ-t,(‘_.illf.‘(/ Lo ”« Ly S ~».¢3L/ Iﬂ ik g /IV//
V\u IJSS u-’{ﬁ _/Cub\_. I('~ [ AaS C«/;ﬂ,f‘[‘ re’n+ . lau-‘/ s :-'f;ﬂ/kfi—e"t-"( Aiifing
T4V 10’1 C Lzr. b -

Was the client contacted?  No: /_/ Yes: Nameém’ Lt Date/Timebjf ‘}'/04’

Was the pH of any sample adjusted by the laboratory? _ No:  Yes (see Table below): i

NOTE: No pH adjustments shall be made without prior consent of Project Manager. After pH
adjustment, hold metals and radchem samples > 16 hr before analysis.

Sam])/e D Initial pH Final pH Tvpe of Reagent Lot No. of Reagent Used nifsals / Dare / Time

fwait 30 min; Used

Was the laboratory directed to proceed with the analysis of any samples vielding the presence of residual
chlorine? No: Yes isee notes above). .

1

Project Manager Signature / Date: kt;(y 5/ flll/Cdf

FORM 201rl4 frm (01/24/2002) O 0 j O 8 8 Page 2 of A



COOLER #:

Client:

SAMPLE LOGIN / DOT SURVEY

Kent & Sullivan

Project Manager:

Debbie Fazio

924

External Micro R Meter Reading (ju R/hr):

Workorder No:

Initials:

0405096 & 0405097

AW

Date:

190

05/12/04

Paragon Sample ID: Client Sample ID: Micro R Meter Reading (1 R/hr):
0405096-1-1 MSED-01 < background
0405096-1-2 MSED-01 < background
0405096-2-1 MSED-02 < background
0405096-2-2 MSED-02 < background
0405096-2-3 MSED-02 < background
0405096-3-1 MSED-03 < background
0405096-3-2 MSED-03 < background
0405096-3-3 MSED-03 < background
0405096-7-1 MSED-07 < background
0405096-7-2 MSED-07 < background
0405096-7-3 MSED-07 35
0405096-8-1 MSED-08 75
0405096-8-2 MSED-08 " < background
0405096-8-3 MSED-08 30
0405096-9-1 . MSED-09 < background =
0405096-9-2 MSED-09 < background
0405090-9-3 MSED-09 150

(405096-10-1 MSED-10 > background
0405096-10-2 MSED-10 30
0405096-10-3 MSED-10 40
0405096-16-1 SSED-06 < background
0405096-16-2 SSED-06 < background
0405096-16-3 SSED-06 < background
0405097-2-1 MR-01 70
0405097-2-2 MR-01 60
0405097-2-3 MR-01 80
0405097-3-1 MR-02 85
0405097-3-2 MR-02 85
0405097-3-3 MR-02 85
0405097-17-1 300-01 800
. o =
If applicable, was the client contacted@S } NO/ NA(ﬁC:ient Ri& Name_ — [tz 1”,)//‘,7" Date/Time: /4//%?
i ; . . .
Project Manager Signature/ Date: // %'///7!' j 0 0 0 qg q
PAGE _ /7 OF {




SAMPLE LOGIN / DOT SURVEY

Client: Kent & Sullivan Workorder No: 0405096 & 0405097
Project Manager: Debbie Fazio Initials: AW Date: 05/12/04
COOLER #: 898 External Micro R Meter Reading (u R/hr): 140
Paragon Sample ID: Client Sample ID: Micro R Meter Reading (1 R/hr):
0405096-4-1 MSED-04 < background
0405096-4-2 MSED-04 < background
0405096-4-3 MSED-04 < background
0405096-11-1 SSED-01 < background
0405096-11-2 SSED-01 < background
0405096-11-3 SSED-01 < background
0405096-26-1 SOIL-02 < background
0405096-26-2 SOIL-02 < background
0405096-26-3 SOIL-02 < background
0405096-27-1 SOIL-04 < background
0405096-27-2 SOIL-04 40
0405096-27-3 SOIL-04 < background
0405096-28-1 SOIL-05 30
0405096-28-2 SOIL-05 < background
0405096-28-3 SOIL-05 < background
0405097-4-1 GR-01 < background
0405097-6-1 GR-03 < background
0405097-13-1 GR-10 < background
0405097-14-1 QM-01 < background
0405097-16-1 QM-03 < background
0405097-18-1 300-02 o 45
0405097-19-1 700-01 1000
0405097-19-2 700-01 950
0405097-19-3 700-01 1100
If applicable, was the client contacted? YES / NO / NA Client/\Rep. Name;bj Lo j(/f I Date/Time/;’//"/{(v/j
Project Manager Signature/ Date: Rt ]}\ 'L"‘///}/O /‘)"
: 011943

pacE A OF ¢




SAMPLE LOGIN / DOT SURVEY

Client: Kent & Sullivan Workorder No: 0405096 & 0405097
Project Manager: Debbie Fazio Initials: AW Date:  05/12/04
COOLER #: 897 External Micro R Meter Reading (11 R/hr): 320
Paragon Sample 1D: Client Sample ID: Micro R Meter Reading (11 R/hr):
0405096-5-1 MSED-05 < background
0405096-5-2 MSED-05 < background
0405096-5-3 MSED-05 < background
0405096-21-1 GEN-01 28
0405096-21-2 GEN-01 28
0405096-22-1 GEN-02 30
0405096-22-2 GEN-02 29
0405096-22-3 GEN-02 < background
0405096-22-4 GEN-02 < background
0405096-22-5 GEN-02 < background
0405096-23-1 GEN-03 < background
0405096-23-2 GEN-03 < background
0405096-24-1 GEN-04- < background
0405096-24-2 GEN-04 < background
0405097-91 GR-06 C 30
0405097-11-1 GR-08 < background
0405097-15-1 QM-02 < background
0405097-20-1 700-02 250
0405097-24-1 900-02 1500
-0405097-25-1 900-03 ' 300
0405097-27-1 900-05 100
N P ) =1 /
Ifapplicable, was the client contacted? YES / NO /NA  Client Rep. Nﬂ\me;>u.{ ILJ izl Date/TimE‘:/ .‘f‘,l /JC"?'"
: — . ‘
Project Manager Signature/ Date: \b\ "’D’/] /4 101
) 000031

B
PAGE 5 OF (-




SAMPLE LOGIN / DOT SURVEY

Client: Kent & Sullivan Workorder No: 0405096 & 0405097
Project Manager: Debbie Fazio Initials: AW Date:  05/12/04
COOLER #: 749 External Micro R Meter Reading (u R/hr): 300
Paragon Sample ID: Client Sample ID: Micro R Meter Reading (1 R/hr):
0405096-6-1 MSED-06 40
0405096-12-1 SSED-02 40
0405096-12-2 SSED-02 < background
0405096-12-3 SSED-02 < background
0405096-18-1 SSED-08 < background
0405096-18-2 SSED-08 < background
0405096-18-3 SSED-08 30
0405096-19-1 SSED-09 < background
0405096-19-2 SSED-09 < background
0405096-19-3 SSED-09 < background
0405096-25-1 SOIL-01 < background
0405096-25-2 SOIL-01 < background
0405096-25-3 SOIL-01 < background
0405097-1-1 HR-01 140
0405097-5-1 GR-02 < background
0405097-7-1 GR-04 90
0405097-28-1 OSA-01 1200
0405097-28-2 OSA-01 1100
0405097-28-3 0OSA-01 1200

[f applicable, was the client contacted? YES / NO / NA Client Rep. Name.bubi ]L,_’}‘T’

S

Date/Timg‘// L’L/C-IL

Project Manager Signature/ Date;

I .
tfa\ Do

\ 0
- PAGE "7/ 0




SAMPLE LOGIN / BOT SURVEY

Client; Kent & Sullivan Workorder No: 0405096 & 0405097
Project Manager: Debbie Fazio Initials: AW Date: 05/12/04
COOLER #: 868 External Micro R Meter Reading (1 R/hr): 320
Paragon Sample ID: Client Sample ID: Micro R Meter Reading (i R/hr):
0405096-13-1 SSED-03 < background
0405096-13-2 SSED-03 < background
0405096-13-3 SSED-03 < background
0405096-14-1 SSED-04 < background
0405096-14-2 SSED-04 < background
0405096-14-3 SSED-04 < background
0405096-15-1 SSED-05 < background
0405096-15-2 SSED-05 < background
0405096-15-3 SSED-05 < background
0405096-17-1 SSED-07 < background
0405096-17-2 SSED-07 < background
0405096-17-3 SSED-07 < background
0405096-20-1 ) SSED-10 < background
0405096-20-2 SSED-10 < background
0405096-20-3 SSED-10 < background
0405097-8-1 GR-05 < background
0405097-10-1 GR-07 < background
0405097-12-1 GR-09 < background
0405097-21-1 700-03 800
0405097-21-2 700-03 950
0405097-21-3 700-03 850
(0405097-26-1 900-04 ‘ 95
0405097-29-1 0OSA-02 180
0405097-29-2 OSA-02 150
0405097-29-3 OSA-02 160 ~
0405097-30-1 OSA-03 200
0405097-30-2 OSA-03 . 250
0405097-30-3 0OSA-03 150
If applicable, was the client contacted? YES / NO / NA C\“Snt Rep. Name: .’\// P, /2‘/7/ Date/Time{;)I[ /"/{(yf
Project Manager Signature/ Date: I\\)} "'\///,'L/ (,Y//
C 000052

PAGE 5 OF 4~




SAMPLE LOGIN / DOT SURVEY

Client: Kent & Sullivan Workorder No: 0405096 & 0405097
Project Manager: Debbie Fazio Initials: AW Date:  05/12/04
COOLER #: 22 External Micro R Meter Reading (n R/hr): 260
Paragon Sample ID: Client Sample ID: Micro R Meter Reading (u R/hr):
0405096-29-1 SOIL-07 < background
0405096-29-2 SOIL-07 < background
0405096-29-3 SOIL-07 < background
0405096-30-1 SOIL-08 45
0405096-30-2 SOIL-08 40
0405096-30-3 SOIL-08 40
0405096-31-1 SOIL-09 < background
0405096-31-2 SOIL-09 < background
0405096-31-3 SOIL-09 < background
0405096-32-1 SOIL-10 55
0405096-32-2 SOIL-10 50
0405096-32-3 SOIL-10 65
0405097-22-1 700-04 450
0405097-23-1 900-01 110
0405097-23-2 © 900-01 110
0405097-23-3 900-01 140
. I . ’ iy gyt
If applicable. was the client contacted? YES / NO / NA Client Rep. Name:. > { { Ko~ Date/Time:j//// /(\‘f
/. !
Project Manager Signature/ Date: [g\j / ‘/f /] i.f" s
M (- 000094
PAGE :ﬁ] OF (f
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Sample Handling Instructions for Work Order Number: 0405096

Paragon Analytics Printed By: cro--5/14/04 7:45:57 AM

Paragon OrderNum: 0405096 Released: cro

Client Name: Kent & Sullivan Inc.
Client Project Name: Ross Adams
Client Project Number:

Release Date: 5/14/04

Handling Code: NONRAD NONDQE S

Lab IDs: 0405096-1 - .- 0405096-2 . 0405096-3' ~0405096-8 ~  0405096-10  0405096-13
0405096-14 * 0405096-15 - 0405096-16

1. The samples have been prescreened by the client or Paragon found to be nonradioactive
2. Standard non radioactive waste disposal procedures for these samples

3. These samples will not present any radioactive material handling concerns from these samples.

4. Labels these samples as NON-DOE NONRADIOACTIVE

Handling Code: RAD-2

RAD Level 2, Up to 1000 pCi/g

LabIDs: 0405096-4 04050965  0405096-6 . 0405096-7  0405096-9 - 0405096-11.
0405096-12' ~ 0405096-17- - 0405096-18 . 0405096-19 ~ 0405096-20  ~0405006-21"
0405096-22° * 0405096-23.  0405096-24. 0405096-25  0405096-26 - 0405096-27 |
0405006-28 = 0405096-29°  0405096-30 . 0405096-31  0405096-32.

. The samples are labeled as radioactive material and will be treated as licensed material.
. Weigh out all meterials and perform all chemical operations in hood.
. Label all intermediate containers as radioactive with activity concentration and mass.

a b W N

radionuclides. 2
6. Applies to grinding operations.
a. Evaluate samples for special grinding by using hot sample grinding puck.
b. Check activity report and evaluate appropriate radionuclide spiking concentrations.
7. Refer to activity repart and sample bottles for activity information.
8. Radioactive waste disposal procedures for these samples are as follows:
a. Dispose of radicaetive soils in LLRW Soils Waste.
- b. Dispose cf aqueous waste in Aqueous LLRW.
c. See Ed for instructions regarding Mixed Waste disposai.

- These samples may present external lab contamination hazards from alpha & beta/gamma

. The samples have been prescreened by either the client or Paragon and they are radioactive.

9. Samples MAY NOT be subcontracted to any lab which does not have a radioactive materials

license.

Page 1 of 3 Paragon Analytics
LIMS Version: 5015A

000093



Sample Handling Instructions for Work Order Number: 0405096

Paragon Analytics Printed By: cro--5/14/04 7:45:58 AM

Paragon OrderNum: 0405096 Refeased: cro
Client Name: Kent & Sullivan Inc. Release Date: §/14/04
Client Project Name: Ross Adams
Client Project Number:

Potential Hazards:

LABID  MATRIX HICODE RAD PCB ASB BIO CORR IGN DET PROD CNS H20 OTHER ALPHA BETA
0405095-1  SOIL  NONRADNONDOES NONRAD 1 {| . = = 7 T wa NIA

e o B . o
0405096-2 SOIL NONRAD NONDOE S NONRAD ™ . o ] o 0 N/A N/A i

04050963 sOIL NONRADNONDOES NONRAD | [ i 1 [ 11 7 00 1 wa N/A

i
- -
04050964 sOW  RADZ RAD L T T D NiA NIA

N/A N/A

0405096-5 SOl RAD-2 RAD T O

[ . _ _ — -
0405006-6  sOIL RAD-2 ' RAD O oL i
104050967 sOIL RAD-2 " RAD T L T T T e N/A
04050968 soiL NONRAD NONDOE S NONRAD 1 T o1 M flf 1 i NIA N/A
04050963  gOIL RAD-2 _ ‘ RAD T T T T NA N/A
0405086-10 SO NONRAD NONDGE §  NONRAD . ~ — 77 7 [ ) - - NA NA

0405095-11  Soi. RAD-2 RAD

RAD-2 RAD |
0405095-13 SOIL  NONRAD NONDOES NONRAD | | , ;
0405095-14 SO NONRADNONDOES NONRAD |+ ' 777 o T T NA NiA 1

040508615 SO NONRADNONBOES NONRAD - [ . . = 7 U T A NIA
0405056-16 sOI NONRADNONDOES NONRAD [ pT TR

PAOSOEAT SOL  RAD2 RAD T T T TR T R a

0405096-18  SOIL RAD-2 RAD T e N Y7 N/A

0405096-19  sOIL RAD-2 RAD S N S
0405096-20  sQIL RAD2 “RAD O B T

oosse21  so mape  RAD N
0405096-22 SOIL S RAD-2 T 7 RAD B ='T.""" T T B N/K o
0405596'2.3_ SCIL RAD<2 o B RAD ) o T o NA :'
040508624  soIL RAD-2 ~ RAD T L o 3 NA }

|

) RAD-2 o RAD

040509638 soi  Rmapz | RAD T
040509627 son | RAD.2 T TRAD S -
040509628 solL  RAD2  RAD L ,
04508625 Soil D2 RAD T e e e AT

040509625  goIL

000960 ol RADZ | RAD T TR e e

Page 2 of 3 Paragon Analytics
LIMS Varsion: 5.015A
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Sample Handling Instructions for Work Order Number: 0405096

Paragon Analytics Printed By: cro--5/14/04 7:45:58 AM

Paragon OrderNum: 0405096 Released: cro
Client Name: Kent & Sullivan Inc. Release Date: 5/14104
Client Project Name: Ross Adams
Client Project Number:

0405086-31 ol RAD-2 S RAD T T TR T T A NiA |
0405096-32  SOIL RAD-Z " RAD o [ ) - = = NA NIA
Additional Comments: Rad activity is expressed as pCi/matrix.

Source material

Potential Hazards (Definitions)

RAD | Radioactive. IGN! May be ignitable. OTHER : See Additional Comments.
PCB May contain PCB's. DET? May be explosive. ALPHA | Alpha activity.
ASB May contain Asbestos. PROD; May be pure product. BETA; Beta activity.
BIO ‘ May present a biclogical hazard. CNS '~ May contain reactive cyanides/sulfides.
CORR? May be corrosive. H20  May be water reactive.
Y £3
& £ d
Page 2 of 3 Paragon Analytics

LIMS Version: 5.015A
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040833D01.SPC Analyzed by

*******************************************************************************

SEEKER GAMMA ANALYSTIS RESULTS PS Version 1.8.4

Paragon Analytics, Div. of DataChem Lab

GammaScan
*******************************************************************************

Gec 13 / Ssolid

Sample ID: Prescreen 0405096-6

Sampling Start: 05/12/2004 12:00:00 | Counting Start: 05/12/2004 14:31:11
Sampling Stop: 05/12/2004 12:00:00 | Decay Time. . . . . . . 2.52E+000 Hrs
Buildup Time. . . . . . 0.0OE+000 Hrs | Live Time . . . . . . . . 300 Sec
Sample Size . . . . . 1.00E+000 sample | Real Time . . . . . . . . 301 Sec
Collection Efficiency . . . . 1.0000 | Spe. File . . . . . . . .040833D01.SPC

Detector #: 1 (Detector 1)
Energy(kev)= -1.01 + 0.501*Ch + 0.00E+00*Ch™2 + 0.00E+00*Ch*3 05/12/2004
FWHM (keV) = 1.38 + 0.009*En + 9.20E-04*En"2 + 0.00E+00*En*3 01/02/2004
Where En = Sqrt (Energy in keV)

PK. ENERGY ADDRESS NET /MDA UN- C.L. BKG FWHM
# (kev) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG
1 76.00 153.79 77 44 33 155 2.68 a Wide Pk
2 238.67 478.66 125 31 18 59 1.60 a
3 242 .04 485.41 32 20 14 41 1.09 b
4 295.50 592.18 59 25 16 50 1.63 a
5 351.81 704.83 132 28 13 31 1.87 a
) 511.18 1022.91 31 21 1s ° 33 2.69 a
7 582.99 1166.32 38 1ls 9 16 1.60 a
8 605.30 1218.8s8 111 26 12 27 2.07 a
) 911.26 1821.91 28 21 15 32 3.38 a
10 969.11 1937.45 28 17 a1l 19 2.68 a
11 112C.83 2240.44 41 19 12 21 3.17 a
12 1460.77 2919.34 258 34 1— ] 11 3.56 a
13 1764.31 3525.54 21 10 . 3 2 1.71 a
Page 001
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040833201.SPC Analyzed by

*******************************************************************************

SEEKER BACKGROUND SUBTRACT RESULTS Vers. 2.2.1

Paragon Analytics, Div. of DataChem Lab

GammaScan
*******************************************************************************

Background File:. . . . . . DET010507.BKG (0417010-1 Weekly Bkg)

Bkg.File Detector #: 1

ENERGY OLD NET OLD UN- OLD NEW NET NEW UN- NEW
PK# (kev) COUNTS CERTAINTY CR.LEVEL COUNTS CERTAINTY CR.LEVEL FLAG
1 76.00 77 44 33 76 44 33
2 238.87 125 31 18 122 31 18
3 242.04 32 20 14 31 20 14
4 295,50 59 25 16 57 25 17
5 351.91 132 28 13 128 28 13
6 511.18 31 21 15 10 21 16 NET<CL
7 582.99 38 16 9 36 16 9
8 609.30 111 26 12 105 26 13
9 911.26 28 21 15° 26 21 15
10 969.11 28 17 11 26 17 11
11 1120.83 41 19 12 40 19 12
12 1460.77 - 259 34 9 253 - 34 10
13 1764.31 21 10 3 20 10 3
Page 002
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040833D01.SPC Analyzed by

*******************************************************************************

SEEKER FINAL ACTIVITY REPORT Version 2.2.1

Paragon Analytics, Div. of DataChem Lab

GammaScan
*******************************************************************************

Geo 13 / Solid

Sample ID: Prescreen 0405096-6

Sampling Start: 05/12/2004 12:00:00 | Counting Start: 05/12/2004 14:31:11
Sampling Stop: 05/12/2004 12:00:00 | Decay Time. . . . . . . 2.52e+000 Hrs
Buildup Time. . . . . . 0.00e+000 Hrs | Live Time . . . . . . . . 300 Sec
Sample Size . . . . . 1.00e+000 sample | Real Time . . . . . . . . 301 Sec
Collection Efficiency . . . . 1.0000 | Spectrum File . . . . . .040833D01.SPC
Cr. Level Confidence Interval: 95 % | Det. Limit Confidence Interval: 95 %

Detector #: 1 (Detector 1)
Efficiency File: (D01) (Shl3).EFF (Geo 13 Eff Cal)
Eff.=1/[4.46E-03*En"-3.43E+00 + 5.75E+01*En”6.67E-01] 02/24/2004

Library File: . . . . . . .FANP.LIB (FANP (Fiss. Act. and Nat. Products))

N
ENERGY E Concentration Critical Halflife
Nuclide {keV) T (pCi/sample ) MDA Level (hrs)
Pkh-212 238.63 5.77E+02 +- 1.4BE+02 1.84E+02 B8.58BE+01 1.67E+04
Pb-214 Average:x B8.35E+02 +- 1.64E+02 e e - « « « 1.40E+07
295.22 6.85E+02 +~- 3.04E+02 4.36E+02 2.02E+02 1.40E+07
351.99 8.96E+02 +- 1.94E+02 2,04E+02 9.25E+01 1.40E+07
T1l-208 583.14 1.55E+02 +- 6.97E+01 B8.96E+01 3.90E+01 1.27E+14
Bi-214 Average:X 8.99E+02 +- 2.01E+02 e e . « . « 1.40E+07
609.32 8.49E+02 +- 2.09E+02 ¢ 2.34E+02 1.06E+02 1.40E+07
1120.28 1.49E+03 +- 7.16E+02 9.97E+02 4.48E+02 1.40E+07
Ac-228 Average:x 6,21E+02 +- 3.23E+02 e e . « +« +« . ©5.04E+04
911.07 4.96E+02 +- 4.03E+02 6,33E+02 2.91E+02 5.D04E+04
968.90 8.47E+02 +- 5.41E+02 7.95E+02 3.54E+02 5.04E+04
K-40 1460.75 1.53E+04 +- 2.06E+03 1.38E+03 6.09E+02 1.12E+13
Am-241 £59.54 N 1.93E+02 tl 4.73E+02 8.05E+02 3.75E+02 3.80E+06
Th-234 92.50 N 2.04E+03 +- 1.30E+03 2.02E+03 9.52E+02 3.92E+13
Eu-155 105.31 N-1.94E+01 +- 2.51E+02 4.42E+02 2.08E+02 4.35E+04
Co-57 122.07 N 8.92E+01 +- 6.08E+01 9.52E+01 4.47E+01 6.48E+03
Ce-144 133.53 N 3.48E+02 +- 4.38E+02 7.20E+02 3.39E+02 6.82E+03
U-235 143.76 N 0.0CE+00 +- 4.24E+02 7.40E+02 3.48E+02 6.17E+12
Ce-139 165.85 N 1.96E+01 +- 5.22E+01 8.9CE+01 4.16E+01 3.30E+03
Th-227 236.00 N-1.10E+03 +- 7.55E+02 1.44E+03R 6.96E+02 1.90E+05
Cr-51 320.07 N 4.61E+02 +- 4.34E+02 6.89E+02 3.11E+02 6.65E+02
I-131 364.48 N 1.97E+01 +- 5.57E+01 9.65E+01 4.38E+01 1.93E+02
Sb-125 427.95 N 6.88E+01 +- 1.46E+02 2.51E+02 1.12E+02 2.43E+04
Be-7 © 477.56 N 3.32E+02 +- 3.77E+02 6.07E+02 2.63E+02 1.28E+03
Sb-124 602.71 N-5.54E+00 +- 5.96E+01 1.09E+02B 4.96E+01 1.44E+03 B
Page 002 | 000109



040833D01.SPC Analyzed by

N
ENERGY E Concentration Critical Halflife
Nuclide (keV) T (pCi/sample ) MDA Level (hrs)
Cs-134 604.66 N-2.47E+02 +- 6.84E+02 1.14E+03P 5.65E+02 1.81E+04
Ru-106 621.84 N 1.76E+02 +- 5.04E+02 8.88E+02 3.92E+02 8.84E+03
Ag-110M 657.75 N-9.73E+00 +- 5.79E+01 1.09E+02 4.88E+01 6.00E+03
Cs-137 661.62 N 4.08E+01l +- 5.97E+01 9.97E+01 4.36E+01 2.64E+05
Nb-94 702.50 N-6.97E-01 +- 5.79E+01 1.07E+02 4.77E+01 1.78E+08
Bi-212 727.17 N 4.99E+02 +- 8.12E+02 1.37E+03 6.00E+02 1.67E+04
Nb-95 765.82 N 2.03E+01 +- 5.49E+01 9.67E+01 4.25E+01 1.54E+03
Co-58 810.75 N-4.53E+00 +- 6.01E+01 1.12E+02 5.00E+01 1.70E+03
Mn-54 834.81 N 2.53E+01 +- 6.16E+01 1.07E+02 4.74E+01 7.49E+03
Sc-46 889.26 N 1.20E+00 +- 5.35E+01 1.01E+02 4.39E+01 2.01E+03
Pa-234m 1001.03 N 6.75E+03 +- 1.18E+04 2.01E+04 8.87E+03 3.92E+13
Eu-154 1004.80 N 5.77E+01 +- 4.02E+02 7.26E+02 3.24E+02 7.45E+04
Fe-59 1099.22 N-6.52E+00 +- 1.13E+02 2.15E+02 9.41E+0l1 1.08E+03
Zn-65 1115.52 N 2.96E+02 +- 2.83E+02 4.56E+02P 2.13E+02 5.8B5E+03
Co-56 1238.28 N 1.99E+02 +- 1.16E+02 1.56E+02 6.59E+01 1.86E+03
Na-22 1274.54 N-2.74E+01 +- 6.59E+01 1.33E+02 5.82E+01 2.28E+04
Co-60 1332.51 N 3.76E+01 +- 4.61E+0l 7.35E+01 2.83E+01 4.62E+04
Eu-152 1408.08 N 3.56E+02 +- 3.41E+02 5.25E+02 2.21E+02 1.17E+4+05
Al-26 1808.65 N 1.16E+01 +- 5.14E+01 9.95E+01 3.93E+01 6.31E+09
MEASURED TOTAL 3.05E+04 +- 2.09E+04 pCi/sample
UNKNOWN, SUM or ESCAPE. PEAKS
PK. ENERGY ADDRESS NET UN- C.L. BKG FWHM
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG
1 76.00 153.79 76 44 33 155 2.68 Unknown
3 242,04 485.41 31 20 14 41 1.09 Unknown
& 511.18 1022.91 10 21 16 33 2.69 Deleted®
13 1764.31 3525.54 20 10 3 2 1.71 Unknown
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Efficiency Calibrations
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***Ra by Rn Emanation
Calibration Package
for
Detectors A and B
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*Ra by Rn Emanation Calibration Package Order Checklist

Rev. 09/22/03 AF (THIS SHEET FOR REFERENCE PURPOSES ONLY- NOT A CONTROLLED
DOCUMENT)

& TITLE PAGE
VOLTAGE
o PLATEAU PLOTS
QASS’s
@’L.OGBOOK PAGES
Q/EITICIENCY
A QASS’s
o CALIBRATION RESULTS SHEET (A)
& CALIBRATION SUMMARY SHEET (A)
@/BENCHSHEETS (A)
CALIBRATION RESULTS SHEET (B)
o CALIBRATION SUMMARY SHEET (B)
WPENCHSHEETS (B)
LOGBOOK PAGES
o CALIBRATION SPIKE VERIFICATION PACKAGE
& %LY CHECKS
AILY CHECK SUMMARY PAGES , . .
2/DAILY CHECK CERTIFICATE 7 = 0500k Paces

(D/ ICV’s

?{ADIOMETRIC RECOVERY SUMMARY PAGE
ASS’s
BENCHSHEETS
OGBOOK PAGES
DAILY CHECK SUMMARY PAGES
@’SPIKE VERIFICATION PACKAGE

- 0Ad114



*Ra by Rn Emanation Calibration Package Review Checklist

Rev. 09/22/03 AF (THIS SHEET FOR REFERENCE PURPOSES ONLY- NOT A CONTROLLED
DOCUMENT)

Is all appropriate documentation included?

W/ Any necessary QASS sheets

ICV benchsheets and verification sheet
\Z/ Lucas Cell + PMT Calibration Control Summaries
E/ Printed and handwritten benchsheets for all detectors calibrated
o, Log book page copies for all calibration dates
LZ/ aily check sheets

PMT Operating Voltage handwritten and printed benchsheets and plateau curve
(v S Reagent prep log book pages for all standardized reagents used
[E/(Standard prep log book pages for all standards used
E/ NIST Certificates for all standards used
m/ Verification information for all standards used

Is all documentation filled out properly?

l‘_’l/ Current SOPs documented
All benchsheets properly dated and initialed

@”, Handwritten benchsheets match printed benchsheets

EI/Log book sheets match handwritten benchsheets

@/Efﬁciencies frem Calibration Results page match Lucas Cell + PMT Calibration Control
Summary, ISV calculation page, and detector calculation page

Quality Control

ICV radiometric recovery is in control at 80-120%
lB/Cell backgrounds are less than 100 cts. per 30 min.

There is at least a 4 hr. ingrowth period between deemanation and count start
W Efficiencies are within control
U}/ Daily check gross counts are in control

000115



**Ra by Rn Emanation Calibration Package Order Checklist

Rev. 09/22/03 AF (THIS SHEET FOR REFERENCE PURPOSES ONLY- NOT A CONTROLLED
DOCUMENT)

O TITLE PAGE
O VOLTAGE
a PLATEAU PLOTS
0 QASS’s
a LOGBOOK PAGES
O EFFICIENCY
0 QASS’s
o CALIBRATION RESULTS SHEET (A)
CALIBRATION SUMMARY SHEET (A)
BENCHSHEETS (A)
CALIBRATION RESULTS SHEET (B)
CALIBRATION SUMMARY SHEET (B)
BENCHSHEETS (B)
LOGBOOK PAGES
o CALIBRATION SPIKE VERIFICATION PACKAGE
O DAILY CHECKS
o DAILY CHECK SUMMARY PAGES , o
o DAILY CHOECK CERTIFICATE 2 LOG oo PAGES
O ICV’s
2 RADIOMETRIC RECOVERY SUMMARY PAGE
0 QASS’s
BENCHSHEETS
LOGBOOK PAGES
DAILY CHECK SUMMARY PAGES
SPIKE VERIFICATION PACKAGE

0000 Bo o
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Voltage Plateau Data
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COUNTS

PHOTOMULTIPLIER/SCALAR OPERATING VOLTAGE

|

Z9Th SOURCE (18000 dpm) COUNTED FOR 1 MINUTE AT SPECIFIED OPERATING VOLATGES

DATE: 6/21/04 ANALYST: [AF ( #<
DETECTOR/SCALAR: 1A
VOLTS |COUNTS
500 0
600 589
700 7164
800 9035
900 9249
1000 9498
< 1100 9657| )— o¥| VoL
1200 9340
1300 9526
1400 9695
1500 21426
REVIEWED BY:

Page 1
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COUNTS

PHOTOMULTIPLIER/SCALAR OPERATING VOLTAGE
| | | |
20Th SOURCE (18000 dpm) COUNTED FOR 1 MINUTE AT SPECIFIED OPERATING VOLATGES
,,,,,, N
DATE 6/21/04| ANALYST: |AF { &
DETECTOR/SCALAR: 2B v
VOLTS COUNTS
500 0
600 0
700 1241
800 8109
900 9254
1000 9336
1100 9652] 3— O \JoL v
1200 9497
1300 6485
1400 8457
1500 13965
REVIEWED BY:

Page 1
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Paragon Analytics, Inc.

QUALITY ASSURANCE SUMMARY SHEET

PAI W.0. #/BATCH O}u AEATION
o TEST __ *2“Pa
. 2718413 METHOD _ §0% |
SOP/REV (PREP) ] € 225
SOP/REV (ANAL) e

Briefly document any QA or other problems or deviations associated with the analysis of
samples. Problems could result from: log-in, color, odor, dilution, consistency,
scheduling, equipment, or instrumentation, or may include documentation of minor
deviations necessary due to unique DQO’s or sample characteristics.

AR
o Q} & d]u 3! Ut |
THE OPERATING VOLTAGE FOR SCALAR/DETECTOR COMBINATIONS
WAS DETERMINED AS FOLLOWS:
1. ADJUST THE VOLTAGE OF THE SCALAR TO A LOW VOLTAGE (500V).
2. COUNT THE 18,000 dpm **Th SOURCE FOR 1 MINUTE AND RECORD
THE COUNTS IN THE EMANATION MAINTENANCE LOG.
3. ADJUST THE VOLTAGE OF THE SCALAR BY 100V AND REPEAT STEP 2.
%/ 4. CONTINUE THIS PROCESS UNTIL THE GROSS COUNTS ARE CLEARLY,
‘ OUT OF RANGE (>10,000, USUALLY ABOUT 1500V). G/ i
\ l "( 5. PLOT THE VOLTAGE AGAINST THE GROSS COUNTS ON A SCATTER l \ A
PLOT.
6. REPEAT THE PROCESS DESCR.IBED IN STEP 2 WITH NOTHING IN THE
DETECTOR FOR OPERATING VOLTAGES ON THE PLATEAU TO
DETERMINE DETECTCR BACKGROUND AT DIFFERENT OPERATING
VOLTAGES. RECORD THE COUNTS IN THE EMANATION
MAINTENANCE LOG.
7. CHOOSE AN OPERATING VOLTAGE ON THE PLATEAU THAT GIVES
THE LOWEST POSSIBLE BACKGROUND COUNTS (PREFERABLY 0).

— H 02 fo3loy

L,

oo {r — {7 :{\,—’ -
P
/ —_—

'C_:}’— H{’x
TECHNICIAN/ANALYST 4D /) DATE B?/ ,,,_,{ &Y

T, ,
274 /'//“ 5 glal >4
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- Paragon Analyftics, Inc.

QUALITY ASSURANCE SUMMARY SHEET

PAI W.0O. #/BATCH &L\%Mﬁw
CTEST 2% 8.

27 16711 METHOD __ 9672, .|

* SOP/REV (PREP) 153 RS
SOP/REV (ANAL)

Briefly document any QA or other problems or deviations associated with the ana.lysis of
samples. Problems could result from: log-in, color, odor, dilution, consistency,
scheduling, equipment, or instrumentation, or may include documentation of minor
deviations necessary due to unique D@s ot sample characteristics.

ﬂ\ @((l"i(ot{

CALIBRATION SOURCES WERE PREPARED IN THE FOLLOWING MANNER:
1. 23 mL OF EDTA WAS ADDED TO EACH VOA VIAL,
2. EACH VIAL WAS SPIKED WITH 2 mL OF THE CALIBRATION SOURCE

C%/ (460.1572.47) |
b‘[ 3. THE VIALS WERE PURGED WITH He AND ALLOWED TO INGROW FOR
o[l . AT LEAST 7 DAYS.
: o f{ (E(roc(
INDEPENDENT CALIBRATION VERIFICATION (ICV) SOURCES WERE '

PREPARED IN THE MANNER STATED ABOVE, USING THE *Ra SPIKING
SOURCE TO SPIKE THE VIALS. »
% 6{((?/@5}

/
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Paragon Analyfics, Inc.

QUALITY ASSURANCE SUMMARY SHEET

it T TiE s ST

PAI W.O. #/BATCH iju Ff AT OB
- TEST **“Pa
JU8504 ‘ METHOD 0731
SOP/REV (PREP) /%3 £
SOP/REV (ANAL) o

Briefly document any QA or other problems or deviations associated with the analysis of

samples. Problems could result from: -log-in, color, odor, dilution, comsistency,

scheduling, equipment, or instrumentation, or may include documentation of minor
" deviations necessary due to unique DQO s or sample characteristics. .

5
¥
g

e - UI("‘ 0‘)

BACKGROUND COUNTS FOR SOME CELL-DETECTOR COMBINATIONS WERE
COUNTED FOR LESS THAN THE SAMPLE COUNT TIME AND EXTRAPOLATED
 TO THE LONGER COUNT TIME (SEE CALCULATION BELOW). SINCE >10000
(3 COUNTS ARE OBTAINED FOR EACH SAMPLE, THE ERROR ASSOCIATED @)
WITH CORRECTING THE BACKGROUND COUNTS TO THE SAMPLE COUNT
12 JTVE 1S NOT SIGNIFICANT. THE CORRECTED DJATA IS THEREFORE (o5,
SUBMITTED WITHOUT QUALIFICATION.
BACKGROUND COUNT CORRECTION:

,// ! —”-i_ /
/r e . R >

TECHNICIAN/ANALYST 7 %"' DATE *¢ ‘ \"zz‘()“f

W/ %,45(/ /
DEPARTMENT MANAGER DATE _ 4/ /:‘)/03

FORM 302r5.FRM (04/30/01)
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U.S. Environmantal Protection Ag;;mcy 6‘6 8‘}3—9 7

Environmaental Monitoring Systems Laboratory-Las Vegas
Nuclear Aadiation Assessment Division

Calibration Certificate

Description

Princiun!ud'-onucli-dcha_dium-—ZZG J ""“'"“[ 1600 vears ]

Nominal aciivity | 60 l rnano cutiﬂJ
Kominal volume ml in ampoule/botile number 25574

Measurement Activity of principal radicnuclide

Actrvity par gram of thig sotution

[ 11.9 ll nanOCWtﬂ N[AiRadium—226

nmmhwusrm[nganuary 1993

L L]

Activity of daughter radionuclide

The principsi sctivity wat aczompanied at tha guoted fime by

l T ] Peom

ol the daughter nuclide [ ]

P

Total mass of this solution

Approximately 5.0 "™

Method of measurement *

This standard was prepared by gravimetric dilution
of NBS Standard Reference Material 4964-B. The
specific activity of the dilution was determined
by gamma spectrometry by comparing the sum of the
activities of the 242, 352 and 609 KeV gamma ray
emissions to those of several NBS SRM 4957
Radium-226 sources.

Uselul Life

This radionuciids hat decayed thiough D half lives since n wat ootaned by EMSLLY

We recommaend that this salutson shoukd rat be uved afier L Indefinite J

L 000140



Purity

The manufacturer states that activities other than that of the principal nuclide
and of its daughter nuclides, if any, were estimated/known to be:

(1) ?quallhtaon % | of the principal activity

(2) - ‘ Ieeqs(fatlhlaon % 1 of the principal activity
iess than - .

(3) - equal 10 % t of the principal activity

The activity of impurity (1) is nat (2} is not (3) is not

included in the guoted figures of the principal activity.

Random Errors

The precision of this standard was such that the certified value of the radioactive

concentration of the principal activity had a standard error (sm) not greater than 1

(The 99.7% confidence limits are given by t{sm)} where t is obtained from the student t factor
for the degree of freedom (n-1)).

The maximum uncertainty due to the assessable systematic errors {dilution, counting, and
known uncertainty of the standard) is obtained by the separate arithmetic summation of the
positive and negative systematic error (+ 3 - § ‘ }. These have been estimated not.to exceed

+3_ 7%for]-3,7%

the overall uncertainty (often called accuracy) is an estirnaie of the possitie diveigance of
the quoted result from the true value, It is a combination of random error [t(srnl] at the 89.7%
confidence, limits and the worst case estimate of the systematic errors (+6,-45")

' The overall uncertainty is therefore calculated on the basis of + [t(sm) +8}. - [ttsm) +5]

and is l+ 5. Si]' F 5.5 ﬂof the guoted radicactive concentration.

Decay Schemes

This standardization is based on the foliowing assumptions of the principle nuclide, its
daughter nuclides and impurities (no aliowance for error in these assumptions or the
assumption of quoted half-life have been inciuded in the statement of accuracy abovel.

Radium~226 is a member of the Uranium-238 decay chain.

Radium-226 decays 100 percent by alpha emission to
Radon-222.

Chemical Carrier contant per gram of solution: Other components:

Composition

of Solution 0.8 micrograms Ba 0.5M HC1
Preservative:

Remarks

The measured value and the expected value using the
gravimetric factors and the NBS calibration of SRM-49643B

differed by 1.6 percent. The average of the two values
was used for this standard.

Date Certificate Prepared January 21, 1993 Wa/é_/
Approval Signature ; M’ 5 . :

Ravitad { /R4

. DDD141



R " U.S. DEPARTMENT OF COMMERCE
f W %. : National Institute of Standards & Technology
g' _ o Galthersburg, MD 20899
y :

"

-REPpRroFTRACEAanw‘

. U.S. Environmental Protection Agency -
Environmental Monitoring Systems Laboratory-
" Las Vegas, Nevada

- Radxonuchdcj o Radlum-226 _
Source 1dcnuﬁcatxon | ) - ;2557-4; prcparea by EMSL
Source dcscription.v o Liquid in S-mL ﬂarhc-sealcd glass “ampouic
Soﬁrcc mass . Appronmately 5.0 grams |
Source compositién - Radunn-226 plus 0. 8 19:4 of non-radioactive barium per
I Cooe gra.mofOSmolL HCl
" Reference fime. 0700 EST January 1, 1993 |
. * - NIST DATA | - ‘ . EMSL DATA
| Radxoactmty ;c.:onccntrz;tio..n'“:M%S Bqeg? SRR 4403 Bq gl
Exi)aﬁded uncertainty 2.5 percent ()° ' +55 percent

Photon-emitting impurities None observed 3)

None reported
(Activities at reference time) -

Measuring instrument = NIST pressurized "4y ioniza- Dilution of SRM 4964-B
_tion chamber A calibrated with verified using germanium
SRM 4955 spectrometer system

Half life 1600 + 7 years (9

Difference from NIST -1.61 percent )

For the Director,

e ki

I.M. Robin Hutchinson, Group Leader
Radioactivity Group -
Physics Laboratory

Gaithersburg, MD 20899
September 1994

*Notes on next page

{(over)

an014?
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NOTES

The urice.rtainty analysié mcthoddlogy and :iomcriclvat-ure used for the reporfcd _
' uncertainties are based on uniform NIST guidelines and are compatible with those

e adopted by the principal international metrology standardization bodms [cf B.N. Taylor
' and C.E. Kuyatt, NIST Techmcal Note 1297 (1993)]

The corﬁbined standafd uncc‘rtaixity;.ﬁc . 1.24 percent, is the quadratic combination of
the standard deviation (or standard deviation of the mean where appropriate), or
* approximations thereof, for thc followmg componant uncertainties:

a) 100 ionization chamber measurcmcnts on .

each of 2 samples - o ; 0.31 percent -

b) ‘act1v1ty of SRM 4955-55 o 1.21 percent
. ¢) gravimetric - - 0.05 percent .
- d) half-life propagatlon (At = B y) ' 0.005 percent

" The expanded unccrtauny, = 2. 5 percent, is obtamcd by rnultxplymg u, by a coverage

factor of k = 2 and is assumed to provide an unccrtamty mtcrval of approxxmatcly 95
percent couﬁdcncc o :

@) Overall uncertainty reported by EMSL.

@ The limits of detectibn are:

126y % g ! between 40 and 348 keV,
475yt I3 1 between 356 and 605 keV, and
158y 5”1 g'! between 613 and 1900 keV,

provided that impurity photons are separated in energy by four keV or more from the
principle gamma-ray emissions of radium-226 and its daughters.

() Evaluated Nuclear Structure Data File (1990).

(6) This result demonstrates the traceability of EMSL to NIST, for this measurement, to

within five percent as specified in the appendix, Traceability Studies, of the EPA-NIST
interagency agreement of April 1976, as amended.

For further information, please contact Jeffrey T. Cessna at 301-975-5539.

Source identification 2557-4

000142
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Code #: “6.4/5.92.4 7 Name of Standard;_ £y 22/, farkin. Sid

Date: _ll/{/?? Analyst: T 4500 MogesT

Aliquo?forvedﬁcation: Two CoL/.Oa A(\ﬁ‘uﬂs ‘Qlﬂ(‘@im) Gep 1) tpmuner
Work. up! %56 ﬂﬂari\eﬂ; () ass .

Expected activity and uncertainty: 53 C} 9 ,ﬂ al/ /O/ .

Results ofdoundngandmmﬁngmc:nainty: L 575 'Z-L /}‘;%
= /09-5% G'Céxﬂl:('.ﬂ:(}

Radiochemistry Technical MmgQQﬂJu gﬁ-—————/ Date: | 2/3 / 77

Radiochemistry QA Manager: Date:

ATIFM 718FC
(2779%
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Paragon Analytics, Inc.

QUALITY ASSURANCE SUMMARY SHEET
PAIW.0.#/BATCH__ 99 -Q3-0/0 -t 2.
TEST ___ ' 4

METHOD __ Jeap. g« vy
SOP AD (VEERB -
NSy Lo, f_:DWM

3
Briefly document any QA or other problems or deviations associated with the analysis of )9
samples. Problems could result from: log-in, color, odor, dilution, consistency,
scheduling, equipment, or instrumentation, or may include documentation of minor
deviations necessary due to unique DQO’s or sample characteristics.

T9-22-0/0-0) ond  —p2.  uep N
N g e ‘&)‘4 5:]— g -2} (%r %D (572 Lf})
D vl beg heo )]
§r5(-l\v’l G\OWBAQ, A2 \A/J.—«D\Q{ *L& Vo che
Hoix g S})—QQLJD\A_—J

TECHNICIAN/ANALYST ,H,\/ paTe_ | ) / 3 O/ Zﬁ
RESOURCE MANAGER Z/)‘T\ /l 5 DATE 2/}5 D/Z ? .

! W 62
W FORM 302FC3.FRM (10- 30-918) 1

009143

S~
D




Client Name:

Paragon Analytics,'Inc.
GAMME SPECTROMETRY RESULTS SUMMARY

Method 901.1

Client Project Id: _
Client Sample ID: #460.1572.47

Lab Sample ID: 99-23-010-01

Sample Matrix: Liquid

Count Duration: 30 Min.

(Modified)

std. verification Total Radium

Page 1

Date Collected: 11/30/99% 12:00
Date Analyzed: 12/01/99 08:48

Aliguot: 64.600

Nuclide Activity {(pCi/Gram) % Uncertainty Flag
Be-7 < 1.3 BDL U
Na-22 < 0.15 BDL U
K-40 < 2.0 BDL u
Sc-46 < 0.24 BDL U
Cr-51 < 1.2 BDL U
Mn-54 < .18 BDL U
Co-56 < D.32 BDL U
Co-57 < 0.10 BDL U
Co-58 < 0.18 BDL U
Fe-59 < 0.31 BDL U
Co-60 < 0.25 BDL U
Zn-65 < 0.64 BDL U
Sr-85 < 0.23 BDL U
Nb-95 < 0.28 " BDL U
Ru-106 < 1.3 BDL U
A2g-110m < 0.14 BDL, u
Sb-124 < 0.20 BDL U
8h-125 < 0.41 BDL 5]
I-131 < 0.18 BDL U
Cs~134 < 0.24 BDL U
Ce-137 < 0.18 BDL U
Ce-139 < 0.12 BDL 9)
Ce-144 < 0.77 BDL U
Eu-152 < 1.1 BDL U
" Eu-154 < 0.53 BDL U
Eu-155 < 0.47 BDL u
T1-208 < 0.18 BDL 8]
Bi-212 < 2.0 BDL U
Pb-212 < 0.24 RDL U
Bi-214 6.3 + 1.2 18.9

Pb-214 7.0 + 1.3 18.0

Ra-226 57 + 11 18.8

Data stored in file 10007826.SPC

Continued on next page...

000147



Paragon Analytics, Inc. Page 2
GAMMA SPECTROMETRY RESULTS SUMMARY
Method 901.1 (Modified)
Client Name: Std. verification Total Radium
Client Project Id:
Client Sample ID: #460.1572.47
Lab Sample ID: 95-23-010-01 Date Collected: 11/30/99 12:00
Sample Matrix: Liquid Date Analyzed: 12/01/99 08:48
Count Duration: 30 Min. Aliguot: 64.600
Nuclide Activity (pCi/Gram) % Uncertainty Flag
Th-227 < 0.88 BDL U
Ac-228 < 0.63 BDL U
Pa-234m < 31 BDL u
Th-234 <« 2.2 BDL: u
U-235 < 0.85 BDL U
Am-241 < 0.74 BDL U

Data stored in file

10007826.8PC

Reported Uncertainties are the Estimated Total Propagated Uncertainty (20).
See PAI SOP 743 for details of the TPU determination.

BDL = Bélow Detecticn Limit; see method for DL determination

Flags:

U = Result is less than the sample specific minimum detectable activity.

- DDD14Y



Paragon Analytice, Inc. Page 1
GAMMA SPECTROMETRY RESULTS SUMMARY
Method 901.1 (Modified)

Client Name: Ra 226 Std. Verification
Client Project Id:
Client Sample ID: Duplicate

Lab Sample ID: 99-23-010-D1 Date Collected: 11/30/99 12:00

Sample Matrix: Liguid Date Analyzed: 12/01/99 09:25

Count Duration: 30 Min. Aliguot: 64.600
Nuclide Activity (pCi/Gram) % Uncertainty Flag
Be-7 < 1.9 BDL u
Na-22 < 0.33 BDL U
K-40 < 2.9 BDL 19)
Sc-46 < 0.17 ' BDL U
Cr-51 < 1.3 BDL U
Mn-54 < 0.24 BDL U
Co-56 < 0.57 BDL U
Co-57 < 0.11 BDL v)
Co-58 < 0.20 BDL %)
Fe-59 < 0.57 BDL U
Co-60 < 0.41 BDL U
zn-65 < 0.44 BDL U
Sr-85 < 0.31 BDL U
Nb-95 < 0.28 - BDL U
Ru-106 < 2.1 . BDL u
Ag-110m < 0.26 BDL U
Sh-124 < 0.24 BDL U
Sb-125 < 0.57 BDL U
I-131 < 0,18 BDL UJ
Cs-134 < 0.26 BDL u
Cs-137 < 0.30 BDL U
Ce-1328 < 0.12 BDL u
Ce-144 < 1.0 BDL U
BEu-152 < 2.3 BDL U
Eu-154 < 0.92 BDL U
Fu-155 < 0.63 BDL u
T1-208 < 0.27 BDL U
Bi-212 < 3.0 BDL, 8]
Pb-212 < 0,32 BDL U
Bi-214 5.5 + 1.2 22.5
Pbh-214 5.6 £+ 1.1 20.1
Ra-226 62 + 12 20.1

Data stored in f£ile 10007832.SPC

Continued on next page...

00D143



Paragon Analytics, Inc. - Page 2
GAMMA SPECTROMETRY RESULTS SUMMARY
Method 901.1 (Mcdified)

Client Name: Ra 226 Std. Verification
Client Project Id:
Client Sample ID: Duplicate

Lab Sample ID: 89-23-010-D1 Date Collected: 11/30/99 12:00

Sample Matrix: Liquid Date Analyzed: 12/01/99 09:25

Count Duration: 30 Min. Aliquot: 64.600
Nuclide Activity (pCi/Gram) % Uncertainty Flag
Th-227 < 1.2 BDL U
Ac-228 < 0.94 BDL 18]
Pa-234m < 48 BDL U
Th-234 < 2.7 BDL u
U-235 < 0.89 BDL U
Am-241 < 1.1 BDL U

Data stored in file 10007832.SPC

Reported Uncertainties are the Estimated Total Propagated Uncertainty (20).
See PAI SOP 743 for details of the TPU determination.

BDL = Below Detection Limit; see method for DL determination

Flags: .
U = Result is less than the sample specific minimum detectable activity.

Remarks: Sample 99-23-010-D1 is a duplicate of 99-23-010-01.

000157



Paragon Analytics, Inc. Page 1
GAMMA SPECTROMETRY RESULTS SUMMARY
Method 901.1 (Modified)

Client Name: Standard Verification RaZ226.
Client Project Id:
Client Sample ID: #460.1572.,47

Lab Sample ID: 99-23-010-02 Date Ccllected: 11/30/99 12:00

Sample Matrix: LIQUID Date Analyzed: 12/01/99 08:51

Count Duration: 30 Min. ‘ Aliguot: 64.600
Nuclide Activity (pCi/Gram) % Uncertainty Flag
Be-~-7 < 1.4 BDL U
Na-22 < 0.33 BDL:- U
K-40 < 3.8 BDL U
Sc-46 < 0.24 BDL U
Cr-51 < 1.5 BDL U
Mn-54 < 0.27 BDL u
Co-5¢6 < 0.37 BDL U
Co-57 < 0.12 BDL U
Co-58 < 0.31 BDL u
Fe~-59 < 0.52 BDL U
Co-60 < 0.43 BDL u
Zn-65 < 0.85 BDL .U
Sr-85 < 0.33 BDL u
Nb-95 < 0.37 ' BDL u
Ru-106 < 2.3 BDL U
Ag-110m < 0.18 BDL U
Sb-124 < 0.29 BDL U
Sb-125% < 0.53 BDL U
I-131 < 0.21 - BDL U
Cg-134 < 0.26 BDL u
Cs-137 < 0.26 BDL u
Ce-139 < 0.14 BDL 1]
Ce-144 < 0.89 BDL U
Eu-152 < 2.1 BDL U
BEu-154 < 0.92 BDL U
Bu-155 < 0.63 BDL U
T1-208 < 0.28 BDL U
Bi-212 < 2.8 BDL U
Pb-212 < 0.29 BDL u
Bi-214 6.5 + 1.4 21.0
Ph-214 6.7 £ 1.3 19.4
Ra-226 57 £+ 12 20.4

Data stored in file 10007827.SPC

Continued on next page...

- 8081351



Paragon Analytics, Inc. Page 2
GAMMA SPECTROMETRY RESULTS SUMMARY
Method 901.1 (Modified)
Client Name: Standard Verification Ra226.
Client Project Id:
Client Sample ID: #460.1572.47
Lab Sample ID: 99-23-010-02 Date Collected: 11/30/399 12:00
Sample Matrix: LIQUID Date Analyzed: 12/01/99 08:51
Count Duration: 30 Min. Aligquot: 64.600
Nuclide Activity (pCi/Gram) % Uncertainty Flag
Th-227 < 1.4 BDL U
Ac-228 < 1.1 BDL U
Pa-234m < 57 BDL U
Th-234 < 2.6 BDL u
U-235 < 1.0 BDL U
Am-241 < 1.1 BDL u

Data stored in file

10007827.8PC

Reported Uncertainties are the Estimated Total Propagated Uncertainty (20).

See PAI SOP 743 for

BRDL = Below Detection Limit; see method for DL determination

Flags:
U = Result is less

details of the TPU determination.

than the sample specific minimum detectable activity.

nnnts?



Paragon Analytics, Inc. Page 1
GAMMA SPECTROMETRY RESULTS SUMMARY
Method 901.1 (Modified)
Client Name: Ra226 Std.verification
Client Project Id:

Client Sample ID: Duplicate

Lab Sample ID: 99-23-010-D2 Date Collected: 11/30/99 12:00

Sample Matrix: Date Analyzed: 12/01/99 09:23

Count Duration: 30 Min. Aliguot: 64.600
Nuclide Activity (pCi/Gram) % Uncertainty Flag
Be-7 < 1.3 BDL U
Na-22 < 0.20 BDL V)
K-40 < 2.9 BDL u
Sc-46 < 0.19 BDL U
Cr-51 < 1.2 . BDL 18)
Mn-54 < 0.17 BDL U
Co-56 < 0.32 BDL u
Co-57 < 0.092 BDL, U
Co-58 < 0.16 BDL u
Fe-59 < 0.43 BDL U
Co-60 < 0.21 ‘ BDL u
zn-65 < 0.61 : BDL U
Sr-85 < 0.24 BDL U
Nb-95 < 0.26 BDL U
Ru-106 < 1.7 BDL U
Ag-110m < 0.15 BDL u
Sb-124 < 0.23 BDL U
Sbh-125 < 0.49 : BDL U
I-131 < 0.17 BDL U
Cs-134 <« 0.24 BDL U
Cs-137 < 0.21 BDL U
Ce-139 < 0.11 BDL: U
Ce-144 < 0.84 BDL U
Eu-152 < 1.3 BDL u
Eu-154 < 0.56 BDL u
Eu-155 < 0.48 BDL u
T1-208 < 0.22 BDL U
Bi-212 < 2.3 BDL, U
Pb-212 < 0.25 BDL U
Bi-214 7.4 + 1.4 18.5
Pb-214 7.0 + 1.3 18.0
Ra-226 54 4+ 10 19.2

Data stored in file

10007831.8PC

Continued on next page...
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Paragon Analytics, Inc. Page 2
GAMMA SPECTROMETRY RESULTS SUMMARY
Method 901.1 (Modified):

Client Name: Ra226 std.vVerification

Client Project Id:
Client Sample ID: Duplicate

Lab Sample ID: 99-23-010-D2 Date Collected: 11/20/99 12:00

Sample Matrix: Date Analyzed: 12/01/99 09:23

Count Duration: 30 Min. Aliquot: 64.600
Nuclide Activity (pCi/Gram) % Uncertainty Flag
Th-227 < 0.84 BDL U
Ac-228 < 0.60 BDL U
Pa-234m < 37 BDL u
Th-234 < 2.6 BDL U
U-235 < 0.82 RDL U
Am-241 < 0.73 BDL U

Data stored in file 10007831.SPC

Reported Uncertainties are the Estimated Total Propagated Uncertalnty (20) .
See PAI SOP 743 for details of the TPU determination.

BDL = Below Detection Limit;'see method for DL determination
Flags:

U = Result is less than the sample specific minimum detectable activity.

Remarks: Sample 99-23-010-D2 is a duplicate of 99-23-010-02.

D00154



GDRO3.SPC

12-01-89 08:51

1800 Sec

mple ID 99-23-010-02 B:STD.ACT.VERIFIC.

imple Size . . . . 1.00e+000 Sample Spectrum File
ampling Start. . . . .11-30-993 12:00 Counting Start.
ampling Stop . . . . .11-30-895 12:00 Live Time
irrent Date. . . . . .12-01-99 08:16 Real Time

1806 Sec

Detector #: 3
nergy (kev)= -0.52 + 0.501*Ch + 0.00e+000*Ch™2 + 0.00e+000*%Ch"3

12-01-99 07:54

WHM (keV) = 0.80 + 0.011*En + 6.71e-004%*En"2 + 0.00e+000*En"3 11-08-99 11:57

Where En = Sqrt(Energy in keV)
ensitivity . . . . . . . . . . 0.20
igma Multiplier. . . . . . . . 2.00

PERK SEARCH RESULTS

K. ENERGY ADDRESS NET UN-

FWHM
(keV) FLAG

|._I
n
oW

.85 NET < CL

.11 NET < CL

.60 NET < CL

C.L. BKG
i (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS
1 74.77 150.34 46 38 33 129
2 77.17 155.13 116 39 28 115
3 86.89 174.53 22 36 32 125
4 186.13 372.68 443 52 27 89
5 238.37 477.00 14 17 13 31
6 241.98 484.20 126 31 18 47
7 295.18 ©590.44 203 37 22 52
8 351.81 703.50 357 43 19 40
9 379.29 758,37 18 17 14 22
10 486.19 971.82 10 16 14 18
il 511.04 1021.44 39 21 16 27
12 609.27 1217.58 272 37 15 21
13 768,42 1535.36 28 17 13 16
14 934,00 1865.98 13 14 11 13
15 989.85 1977.50 5 13 11 11
16 1120.22 2237.82 46 18 11 9
17 1238.12 2473.24 22 11 6 4
18 1315.24 2627.22 5 9 7 4
19 1400.32 2797.10 10 6 0 0
20 1408.58 2813.61 18 9 0 0
21 1764.67 3524.62 39 14 5 2

MNMNOHRHRREPHHENORPRRHEROHOOR

000153



ample ID §9-23-010-02 B:STD.ACT.VERIFIC.

<g File: . . . . . . . . DETO03.bkg Counting Start. . . . . 12-01-99 08:51
J.: 99-23-006-03 B:11/29/99 WK.BKG Current Date Ce 12-01-99 08:16

ENERGY FWHM OLD NET OLD UN- NEW NET NEW UN-

K# (keV) (keV) COUNTS CERTAINTY COUNTS CERTAINTY FLAG

4 186.13 1.16 443 52 431 52

5 238.37 0.66 14 17 11 18 NET < CL

8 351.81 1.23 357 43 347 473
11 511.04 2,52 359 21 -7 22 NET <« CL
12 609.27 1.61 272 37 265 37
21 1764.67 2.06 39 14 37 14

0001538



ample

Paragon Analytics, Inc. Fort Collins, CO Ver. 6.02a
NUCLIDE ACTIVITY SUMMARY
ID: 99-23-010-02 B:STD.ACT.VERIFIC.
Size 1.00e+000 Sample Spectrum File GDRO3 .SPC

ample

ampling Start.
ampling Stop

urrent

Date.

.11-30-99 12:00
.11-30-9%2 12:00
.12-01-99 08:16

Counting Start.
Buildup Time.
Decay Time.

12-01-99 08:51
0.00e+00Q0 Hrs
2.09e+001 Hrs

.DET0311.EFF
GEO11l 534

Library File.
IDFigs. Act.

e e .FANPR6 .LIB
and Nat. Library RTS 02/17

itamma Fraction Limit »>=

Abrary Energy Tolerance.

Jjuclide

am-2471
Eu-155
Th-234
Co-57
Ce-144
U-235
Ce-139
Th-227
Ph-212
Cr-51
I-131
Sb-125
Be-7
Sr-85
T1-208
Sh-124
Ce-134
Ru-106
Ag-110m
Cg-137
Bri-2z12
Nb-925
Co-58
Mn-54

186.

21

Average:

295
351

.21
.92

Averade:

609.
1120.
.54
86.
.60
.06
.54
.76
165.
.00
.63
320.
.48
427,
477 .

58
92
122
133
143

236
238

364

513
583
602

661

834

31
29

55

85

(03]

89
59

.99
.14
.71
604 .
621.
657.
.65
727 .
765,
810.

70
84
75

17
79
76

.83

/\/\/\/\/\/\/\I\/\f\/\/\/\l\/\/\/\/\/\/\/\l\/\l\

FINAL ACTIVITY REPORT

Conc +- 2.00sigma Halflife Peaks

(DPM/Sample ) (hrs) Found
8.24e+003 +-9.94e+002 1.40e+007 1 of 1
9.58e+002 +-9.87e+001 1.40e+007" 2 of 2
9.45e+002 +-1.72e+002
9,64e+002 +-1.21e+002
9.31e+002 +-1.22e+002 1.40e+007 2 of 2
9.46e+002 +-1.31e+002
8.42e+002 +-3.23e+002
1.60e+002 3.79e+006 MDA
9.01e+001 4 .34e+004 MDA
3.67e+002 3.91e+013 MDA
1.76e+001 6.50e+003 MDA
1.27e+002 6.82e+003 MDA
1.46e+002 6.17e+012 MDA
2.01e+001 3.30e+003 MDA
1.97e+002 1.91e+005 MDA
4.,10e+001 1.67e+004 MDA
2.16e+002 6.65e+002 MDA
3.07e+001 1.93e+002 MDA
7.5%e+001 2.43e+004 MDA
1.85e+002 1.28e+003 MDA
4 .,77e+001 1.56e+003 MDA
4,03e4001 1.67e+004 MDA
4,14e+001 1.44e+002 MDA
3.78e+001 1.81e+004 MDA
3.35e+002 8.842+003 MDA
2.64e+001 6.00e+003 MDA
3.78e+001 2.64e+00% MDA
4.04e+002 1.67e+004 MDA
5.37e+001 1.542+002 MDA
4,44e+4001 1.70e+003 MDA
3.92e+001 7.50e+003 MDA

000157



. 42e+001
.52e+002
.11e+003
.43e+001
.22e+002
.18e+001
. 24e+001
.32e+002
.71e+001
.00e+002
.44e+002

.01e+004 DPM/Sample

(keV)

889.25 < 3
911.07 < 1
1001.03 < 8
1099.22 < 7
1115.52 < 1
1173.22 < b
1238.25 < 5
1274 .45 < 1
1274 .54 < 4
1407.95 < 3
1460.81 < 5
1

Centroid Net
Channel Counts
150.34 46
155.13 116
484 .20 126
758.37 18
1535.36 28
1865.98 13
2473 .24 22
2797.10 10
2813.61 19
3524 .63 37

UNKNOWN PEAKS

Un-

C.L.

Certainty Counts

2.01e4+003 MDA
5.04e+004 MDA
3.91e+013 MDA
1.07e+003 - MDA
5.872+003 MDA -
4.62e+004 MDA
1.8%9e+003 MDA
7.71e+004 MDA
2.28e+004 MDA
1.19e+005 MDA
1.12e+013 MDA
Bkg. FWHM
Counts (keV)
129 1.05
115 0.96
47 1.15
22 1.28
16 1.36
13 1.06
4 1.88
0 2.35
0 2.23
2 2.06

Net

Gamma /sec

NMHUIRPUTOWRE D

.293e-001
.943e+000
.594e+000
.250e-001
.405e-001
.188e-001
.111e+000
.621e-001
.073e+000
.534e+000

000158



12

GDRO1.SPC
-01-89 08:48
1800 Sec

ample ID 99-23-010-01 B:TOTAL RA.STD.ACT.VER
ample Size . . . . 1.00e+000 Sample Spectrum File
ampling Start. . . . .11-30-99 12:00 Counting Start.
ampling Stop . . . . .11-30-99 12:00 Live Time
urrent Date. . . . . .12-01-99 08:12 Real Time

1806 Sec

Detector #: 1

nergy{kev)= -1.41 + 0.501*Ch + 0.00e+000*Ch™2 + 0.00e+000*Ch"3 12-01-99 07:54

WHM (kev) = 1.15 + -0.013*En + 1.64e-003*En"2 +-1.10e-005*En"3 11-08-99 039:40

Where En = Sqgrt (Energy in keV)

NHORREKHERORR

NET < CL

ensitivity . .« . .+« <« . . . 0.20 Search Start / End.
igma Multiplier. . . . . . . . 2.00
PEAK SEARCH RESULTS
K. ENERGY ADDRESS NET UN- C.L. BKG
# {keV) CHANNEL COUNTS CERTAINTY COUNTS -COUNTS
1 74.76 152.07 105 55 48 229
2 77.01 156.57 21% 53 39 210
3 83.48 169.50 18 36 30 142
4 87.06 176.62 62 46 38 202
5 186.06 374.27 B23 70 36 147
6 241.80 485.55 191 46 33 128
7 295.10 581.96 411 53 33 106
8 323.10 647.86 6 31 28 82
9 351.73 705,01 788 64 28 81
10 511.16 1023.30 117 37 29 76
11 609.22 1219.07 580 56 26 70
12 768.45 1536 .95 69 28 22 41
13 934.04 1867.54 36 22 18 26
14 1104.88 2208.60 21 16 13 14
15 1120.22 2239.23 144 33 22 37
16 1237.99 2474 .35 68 21 13 14
17 1377.52 2752.90 32 23 20 27
18 1401.33 2800.45 21 19 16 20
19 1460.96 2919.48 48 23 18 25
20 1729.26 3455.12 37 21 16 20
21 1764.14 3524.74 154 28 14 11
22 1847.60 3691.38 24 15 11 8

NWWRrWDRrNDWNODREE

Wl

00015



ample ID 99-23-010-01 B:TOTAL RA.STD.ACT.VER
kg File: . . . . . . . . det01.bkg Counting Start. . . . . 12-01-99 08:48
D.: 99-23-006-01 B:11/29/99 WK. BK Current Date . . . . . 12-01-99 08:12
ENERGY FWHM OLD NET QLD UN- NEW NET NEW UN-
K# (keV) (keV) COUNTS CERTAINTY COUNTS CERTAINTY FLAG
5 186.06 1.31 823 70 789 70
7 295.10 1.18 411 53 402 54
9 351.73 1.33 788 64 767 64
10 511.16 2.14 117 37 -20 39 NET « CL
11 609,22 1.87 580 56 562 57
17 1377.52 2.86 32 23 29 23 _
19 1460.96 1.48 48 23 0 24 NET < CL
21 1764.14 3.08 154 28 147 29

000163



Paragon Analytics, Inc. Fort Colling, CO Ver. 6.02a
NUCLIDE ACTIVITY SUMMARY
imple ID: 99-23-010-01 B:TOTAL RA.STD.ACT.VER
1.00e+000 Sample Spectrum File GDRO1.SPC

ample Size
ampling Start.
ampling Stop
irrent Date.

.11-30-99 12:00
.11-30-99 12:00
.12-01-99 08:12

Counting Start.
Buildup Time.
Decay Time.

12-01-99 08:48
0.00e+000 Hrs
2.08e+001 Hrs

.DETO111.EFF
Geoll #534

Library File.
IDFiss. Act.

e .FANPR6 .LIB
and Nat. Library RTS 02/17

amma Fraction Limit >=

ibrary Energy Tolerance.

am-241
ju-155
Th-234
lo-57
le-144
J-235
le-139
h-227
p-212
Jr-51
[-131
3bh-125
3e-"7
3r-85
r1-208
Sbh-124
Cs-134
Ru-106
Ag-110m
Ce-137
Bi-212
Nb-95
Co-58
Mri-54

(keV)

I\I\I\/\/\/\/\/\/\/\I\I\/\/\/\l\/\l\/\l\l\/\l\l\

FINAL ACTIVITY REPORT

Conc +- 2.00gigma Halflife Peaks
(DPM/Sample ) (hrs) Found

8.23e+003 +-7.35e+002 1.40e+007 1 of
1.00e+003 +-7.15e+001 1.40e+007 2 of
9,35e+002 +-1.26e+002

1.03e+003 +-8,69e+001

9.04e+002 +-8.33e+001 .40e+007 2 of
8.83e+002 +-8.89%9e+001

1.05e+003 +-2.39e+002

1.06e+002 3.7%9e+006 MDA
6.72e+001 4.,34e+004 MDA
3.22e+002 3.91e+013 MDA
1.48e+001 6.50e+003 MDA
1.11e+002 £.82e+003 MDA
1.21e+002 6.17e+012 MDA
1.6%e+001 3.30e+003 MDA
1.26e+002 1.91e+005 MDA
3,42e+001 1.67e+004 MDA
1.76e+002 6.65e+002 MDA
2.52e+001 1.93e+002 MDA
5.920e+001 2.43e+004 MDA
1.83e+002 - 1.28e+003 MDA
3.32e+001. 1.56e+003 MDA
2.5%e+001 1.67e+004 MDA
2.92e+001 1.44e+003 MDA
3.50e+001 1.81e+004 MDA
1.84e+002 8.84e+003 MDA
1.99%9e+001 6.00e+003 MDA
2.65e+001 2.64e+005 MDA
2.93e+002 1.67e+004 MDA
4.06e+001 1.54e+003 MDA
2.63e+001 1.70e+003 MDA
2.56e+001 7.50e+003 MDA

000161



46 ' 889.25 < 3.37e+001 2.01e+003 MDA
-228 911.07 < 8.97e+001 5.04e+004 MDA
\-234m 1001.03 < 4.47e+003 3.91le+013 MDA
:-59 1099.22 < 4.39e+001 1.07e+003 MDA
1-65 1115.52 < 9.17e+001 5.87e+003 MDA
-60 1173.22 =< 3.58%e+001 4.62e+004 MDA
»-56 1238.25 < 4.60e+001 1.89e+003 WMDA
1-154 1274.45 < 7.62e+001 7.71e+004 MDA
1-22 1274 .54 < 2.71le+001 2.28e+004 MDA
1-152 1407.95 <« 1.62e+002 1.1%e+005 MDA
-4 0 1460.81 < 2.87e+002 1.12e+4+013 MDA
JTAL: 1.01e+004 DPM/Sample
UNKNOWN PEAKS
szergy Centroid Net Un- C.L. Bkg. FWHM Net
(keV) Channel Counts Certainty Counts Counts (keV) Gamma/sec
74 .76 152.07 105 55 48 229 1.21  9.091le-001
77.01 156.57 216 53 39 210 1.15 1.769e+000
87.06 176.62 62 46 38 202 1.08 4.184e-001
241 .80 485.55 191 46 33 128 1.00 1.258e+000
768,45 1536.94 69 28 22 41 1.42 9.780e-001
934,04 1867.54 36 22 18 26 2.36 5.823e-001
104 .88 2208.60 21 16 i3 14 3.31 32.818e-001
237.99 2474.35 68 21 13 14 1.88 1.33%e+000
377.52 2752.90 29 23 20 27 2.86 6.213e-001
401.33 2800.45 21 19 16 20 13.60 4.485e-001
729.26 3455.12 37 21 16 20 3.07 8.158e-001
764 .14 3524.74 147 29 14 11 3.09 3.688e+000
847.60 3691.38 24 15 11 8 2.50 6

.216e-001

- DOD1B2



ample Size

ampling Start.

ampling Stop

Paragon Analytics, Inc Fort Collins, CO Version 6.2

99.-23-010-D1 B:RA226 STD.VER.
1.00e+000 Sample Spectrum File . . . . . . . . GDRO03.SPC
.11-30-99 12:00 Counting Start. . . 12-01-99 09:25
.11-30-99 12:00 Live Time . . . . . . . . . 1800 Sec
.12-01-99 08:50 Real Time . . . . . . . . . 1806 Sec

urrent Date.

nergy (kevV})= -0.52 +

WHM (keV)

ensitivity

igma Multiplier

0.80 +
Where En = Sqrt (Energy in keV)

ENERGY ADDRESS

(keV)

CHANNEL

Detector #: 3
0.501*Ch + 0.00e+000*Ch™2 + 0.00e+000*Ch"™3 12-01-99 07:54

0.01l1*En + 6.71e-004*En"2 + 0.00e+000*En"3 11-08-99 11:57

PEAK SEARCH RESULTS

NET UN- C.L. BKG FWHM
COUNTS CERTAINTY COUNTS COUNTS (keV) FLAG

60 36 30 106 .80 a

87 36 26 108 0.94 b~
28 28 23 81 .0.66
476 53 27 82 1.07

25 27 24 50 1.38 a

96 30 21 48 1.49 b
181 36 22 55 1.19
294 39 17 36 1.29
34 25 21 39 3.20
231 35 17 29 1.37
18 17 14 17 1.93
18 13 S 8 2.70
40 21 16 22 2.28
25 16 12 12 3.72
11 11 9 6 2.05

4 8 7 4 1.03 NET < CL
8 11 9 7 1.12 NET < CL

55 16 6 3 2.90

000163



ample ID 93-23-010-D1 B:RA226 STD.VER.
kg File: . . . . . . . . . DETO03 .bkg Counting Start. . . . . 12-01-99 09:25
D.: 99-23-006-03 B:11/29/99 WK.BKG Current Date e e e 12-01-989 08:50
ENERGY FWHM OLD NET OLD UN- NEW NET NEW UN-

K# {keV) (keV) COUNTS CERTAINTY COUNTS CERTAINTY FLAG

4 186.21 1.07 476 53 464 53

5 238.61 1.38 25 27 19 27 NET < CL

8 351.86 1.29 294 39 284 40

o) 511.43 3.20 34 25 -12 26 NET < CL

10 609.22 1.37 231 35 224 36

17 1461.53 1.12 8 11 0 12 NET < CL

18 1764.42 2.90 55 16 53 16

000164



ample ID:

ample Size 1.00e+000 Sample
ampling Start. .11-30-99 12:00
ampling Stop .11-30-99 12:00
urrent Date. .12-01-99 08:50

.DET0311.EFF

D. GEQl1ll 534
ff. = 1/[2.28e—OOB*En“-3.58e+OOO + 7.58e+001*En"8.58e-001]
amma Fraction Limit »>= 75.00 %
ibrary Energy Tolerance. 2.00

99-23-010-D1 B:RA226 STD.VER.

Spectrum File GDRO3 . SPC
Counting Start. 12-01-99 09:25
Buildup Time. 0.00e+000 Hrs
Decay Time, 2.14e+001 Hrs
Library File. e .FANPR6 .LIB
IDFiss. Act. and Nat. Library RTS 02/17

FINAL ACTIVITY REPORT

Halflife

Energy Conc +- 2.00sigma Peaks
luclide (keV) (DPM/Sample ) (hrs) Found
ta-226 186.21 8.89e+003 +-1.02e+003 1.40e+007 1 of 1
b-214 Average: 8.05e+002 +-9.20e+001 1.40e+007 2 of 2

295.21 8.40e+002 +-1.68e+002

351.92 7.89%9e+002 +-1.10e+002
31-214 Average: 7.92e+002 +-1.21e+002 1.40e+007 2 of 2

609.31 7.98e+002 +-1.28e+002

1120.29 7.44e4002 +-3.85e+002 : '
Am-241 59.54 <« 1.62e+002 3.79e+006 MDA
Iu-155 B6.55 <« 9.01e+001 4.34e+004 MDA
Th-234 92.60 < 3.82e+002 3.91e+013 MDA
Zo-57 122.06 < 1.62e+001 £.50e+003 MDA
Ce-144 133.54 <« 1.,44e+002 6.82e+003 MDA
J-235 143.76 <« 1.28e+002 6.17e+012 MDA
Je-139 165.85 <« 1.73e+001 3.30e+003 MDA
Th-227 236.00 <« 1.66e+002 1.91e+005 MDA
Pb-212 238.63 < 4.5%9e+001 1.67e+004 MDA
Cr-51 320.08 < 1.90e+002 6.65e+002 MDA
T-131 364.48 < 2.58e+001 1.93e+002 MDA
Sbh-125 427.89 <« 8.17e+001 2.43e+004 MDA
BRe-7 477.59 <« 2.67e+002 1.28e+4+003 MDA
Sr-85 513.99 <« 4.3%e+001 1.56e+003 MDA
T1l-208 £83.14 <« 3.92e+4001 1.67e+004 MDA
Sb-124 602.71 <« 3.40e+001 1.44e+003 MDA
Co-134 £04.70 <« 3.68e+001 1.81e+004 MDA
Ru-106 621.84 <« 2.99e+002 8.84e+003 MDA
Ag-110m 657.75 < 3.77e+001 6.00e+003 MDA
Cs-137 661.65 < 4.32e+001 2.642+005 MDA
Bi-212 727.17 <« 4,24e+002 1.67=+004 MDA
Nb-95 765.79 <« 3.96e+001 1.54e+003 MDA
Co-58 810.76 < 2.91e+001 1.70e+003 MDA
Mn-54 834 .83 < 3.47e+001 7.50e+003 MDA

000183



.39e+001
,35e+002
.84e+003
.15e+001
.29e+001
.87e+001
.18e+001
.32e+002
.71e+001
.24e+002
.11e+002

,05e+004 DPM/Sample

nergy
(keV)

889.25 < 2
911.07 < 1
1001.03 < 6
1089.22 < 8
1115.52 < 6
1173.22 < 5
1238.25 < B
1274 .45 < 1
1274 .54 < 4
1407.95 < 3
1460.81 <« 4
1

Centroid Net
Channel Counts
150.35 60
155.05 87
175.25 28
484,03 96
1535. 86 18
1865.57 18
2473.03 25
2752 .76 11
3524.11 53

UNKNOWN PEAKS

Un-~-

C.L.

Certainty Counts

Net

Gamma/sec

2.01e+003 - MDA
5.04e+004 MDA
3.91e+013 MDA
1.07e+003 MDA
5.87e+003 MDA
4.62e+004 MDA
1.8%e+003 MDA
7.71e+004 MDA
2.28e+004 MDA
1.19e+005 MDA
1.12e+013 MDA
Bkg. FWHM
Counts (keV)
106 0.90
108 0D.94
81 0.66
48 1.49
17 1.93
8 2.70
12 3.72
6 2.05
3 2.90 —

.082e+000
.454e+000
.567e-001
.221e+000
.990e-001
.29%e-001
.258e+000
.958e-001
.598e+000

0001638



wmple ID 99-23-010-D2 B:RA226 STD.VER.

mmple Size:. . . . 1.00e+000 Sample Spectrum File . . . . . . . . GDRO1.SPC
ampling Start. . . . .11-30-99 12:00 Counting Start. . . . . 12-01-99 09:23
smpling Stop . . . . .11-30-99 12:00 Live Time . . . . . . . . . 1800 Sec
irrent Date. . . . . .12-01-99 08:48 Real Time . . . . . . . . . 1806 Sec

Detector #: 1

rergy (keV)= -1.41 + 0.501*Ch + 0.00e+000*Ch"2 + 0.00e+000*Ch"3 12-01-99 07:54
WHM (keV) = 1.15 + -0.013*En + 1.64e-003*En"2 +-1.10e-005*En"3 11-08-99 09:40
Where En = Sqgrt (Energy in keV)
ensitivity . e e . . . . .. 020 Search Start / End. 60 / 4000
igma Multiplier. . . . . . . . 2.00
PEAK SEARCH RESULTS
¥. ENERGY ADDRESS NET UN- C.L. BKG FWHM
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS (keVv) FLAG
1 74.67 151.90 125 47 36 177 0.93 a
2 77.02 156.59 232 51 36 192 0.98 b
3 87.10 176.71 -3 49 43 256 0.04 NET < CL
4 186.02 374.18 771 72 42 198 1.17
5 241.96 485.86 165 46 35 133 1.20
6 295.15 592.05 470 56 34 116 1.22
7 351.71 704.97 749 64 32 101 1.53
8 510.77 1022.52 184 37 24 48 2.53
9 609,16 1218.%94 655 60 28 85 1.77
10 768.69 1537.43 84 28 20 33 1.83
11 934.35 1868.16 22 23 20 36 2.63
12 1120.25 2239.29 194 33 16 21 2.42
13 1238.21 2474.78 57 25 20 30 1.92
14 1377.87 2753.60 28 23 20 30 1.51
15 1461.34 29%920.24 61 27 22 30 2.54
16 1510.06 3017.51 19 18 15 16 3.00
17 1729.27 3455.13 43 18 12 11 3.83
18 1764.40 3525.27 133 29 17 18 2.41

000167



ample ID 99-23-010-D2 B:RA226 STD.VER.

<g File: . . . . . .« - . . det01.bkg Counting Start. . . . . 12-01-99 09:23
Jo 99-23-006-01 B:11/29/99 WK. BK Current Date e e e 12-01-99 08:48

ENERGY FWHM OLD NET QLD UN- NEW NET NEW UN-

K# {keV) (keV) COUNTS CERTAINTY COUNTS CERTAINTY FLAG

4 186.02 1.17 771 72 737 73

6 295,15 1.22 470 56 461 57

7 351.71 1.53 745 64 728 65

8 510.77 2.53 184 37 47 39

S 609.16 1.77 655 60 637 61
14 1377.87 1.51 28 23 25 23

15 1461.34 2.54 6l 27 13 27 NET < CL

18 1764.40 2.41 133 29 126 29

000168



ample ID:

ample Size
ampling Start.
ampling Stop
urrent Date.

1.00e+000 Sample
.11-30-928 12:00
.11-30-99 12:00
.12-01-995 08:48

.DETO0111.EFF

D. . . . . . . . . . . . Geoll #534

ff.= 1/[2.85e-003*En"-3.16e+000 + 3.06e+001L*En"6.85e-001]
amma Fraction Limit »>= 75.00 %

ibrary Energy Tolerance. 2.00

99-23-010-D2 B:RA226 STD.VER.

Spectrum File
Counting Start.

. GDRO1.SPC
12-01-29 08:23
Buildup Time. 0.00e+000 Hrs
Decay Time. 2.14e+001 Hrs
Library File. e .FANPR6 .LIB
IDFiss. Act. and Nat. Library RTS 02/17

FINAL ACTIVITY REPORT

: Energy Conc +- 2.00sigma Halflife Peaks
luclide (keV) (DPM/Sample ) (hrs) Found
la-226 186.21 7.68e+003 +-7.60e+002 1.40e+007 1 of 1
‘h-214 Lverage 1.01e+003 +-7.32e+001 1.40e+007 2 of 2

295.21 1.07e+003 +-1.33e+002

351.92 9,82e4002 +-8.76e+001
31-214 Average: 1.06e+003 +-8.85e+001 1.40e+007 2 of 2

609.31 1.00e+003 +-9.53e+001 ' -

©1120.29 1.42e+003 +-2.38e+002

im-241 59.54 <« 1.05e+002 3.7%e+006 MDA
2u-155 86.55 <« 6.95e+001 4.34e+004 MDA
[h-234 92.60 < 3.67e+002 3,91e+013 MDA
Zo-57 122.06 < 1.32e+001 6.50e+003 MDA
Ce-144 133.54 < 1.21e+002 6.82e+003 MDA
J-235 143.76 < 1.17e+002 6£.17e+012 MDA
Ze~139 165.85 < 1.64e+001 3.30e+003 MDA
Th-227 236.00 < 1.20e+002 1.%91e+005 MDA
Pb-212 238.63 < 3.64e+001 1.67e+004 MDA
Cr-51 320.08 < 1.76e+002 6.65e4+002 MDA
I-131 364.48 <« 2.46e+001 1.93e+002 MDA
Sb-125 427.89 < 7.01e+4001 2.43e+004 MDA
Be-7 477.59 < 1.86e+002 1.28e+003 MDA
Sxy-85 513.99 < 3.47e+001 1.56e+003 MDA
T1-208 583.14 < 3.1l4e+001 1.67e+004 MDA
Sb-124 602.71 < 3.26e+001 1.44e+003 MDA
Cs-134 604.70 <« 3.47e+001 1.81e+004 MDA
Ru-106 c21.84 < 2.372e+002 8,84e+003 MDA
Ag-110m £57.75 < 2.20e+001 6.00e+003 MDA
Cs-137 661.65 < 3.06e+001 2.64e+005 MDA
Bi-212 727.17 < 3.30e+002 1.67e+004 MDA
Nb-95 765.79 < 3.70e+001 1.54e+003 MDA
Co-58 810.76 « 2.31e+001 1.70e+003 MDA
Mn-54 834.83 < 2.49e+001 7.50e+003 MDA
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889.
911.
1001.

1098
1115

1173.

1238

1274,

1274

1407.
1460.

.76e+001
.67e+001
.262+003
.15e+001
.76e+001
.06e+001
.60e+001
.03e+001
.85e+001
.91e+002
.17e+002

.75e+003 DPM/Sample

Centroid
Channel

25 <« 2
07 <« 8
03 < B
.22 < 6
.52 < B
22 < 3
.25 < 4
45 <« 8
.54 <« 2
95 <« 1
81 < 4
9

Net
Counts
125
232
165
47
84
22
57
25
15
43
126

UNKNOWN PEAKS

Un-

C.L.

Certainty Counts

2.01e+003 MDA
5.04e+004 MDA
3.91e+013 MDA
1.07e+003 MDA
5.87e+003 MDA
4.62e+004 MDA
1.89e+003 MDA
7.71le+004 MDA
2.28e+004 MDA
1.19%9e+005 MDA
1.12e+013 MDA

Bkg FWHM

Counts (keV)

177 0.93

192 0.98

133 1.20

48 2.53

33 1.83

36 2.63

30 1.92

30 1.51

16 3.00

11 3.83
18 2.41

Net

Gamma / sec

WU HWPEOE

.086e+000
.898e+000
.083e+000
.089%9e-001
.198e+000
.573e-001
.116e+000
.226e-001
.2B6e-001
.073e+000
.162e+000
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Code #: 4o, /57247 Name of Standard: /6 25’/; (Warkisn » Std

Date:__ ])‘/{’/]? o Analyst: Tason) MolesT

A]jquot_fOfVﬁriﬁcation:. 7‘(,.0() (oL/(ﬂ(dJ, A‘\&IUO-PS ‘nlmaiw bep 1) X { prbidug
Work up: %ﬁ‘é ﬂ}"‘ab&éﬂl 0 pcs l

Expéctcd activity and uncertainty: - 53 ? 9 ja @./ /O./

4%

< 7
Results of Counting and counting uncertainty: __ 575 1/ %
= /0b.SV aC ex'px:d,r';o’

Radiochemistry Technical Managgrwa(g’"_’ Date: __{ Q/S’ / 77

Radicchemistry QA Manager: Date:

ATIFNM 718EC
(212719
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@ﬂrv ; ZD (7‘ 6@
U.S. Environmental Protection Agency 6!6 8‘9';’9 7

Environmental Monitoring Systems Laboratory-Las Vegas
Nuclear Radiation Assessment Division

Calibration Certificate

Description

l‘lincrpllr-dbnucikj:rRadium_zzs J . Hut-hlerlGOO vears l

ominstscer | 50 | [ mano <]

Hominal volume ml 1n ampouie /boltle number 2 5 5 7 - 4 \

Measurement  Activity of ;':rincipaﬁ radionuclide

'
Astivity per gram of thit solution

r711.9 ]l nanocm“]°ﬂf7Radium—226 J

umwhwn%TM‘ January 1993 ]

Activity of daughter radionuclide

The principal sctivity was accompanied Bt The quoted time by

| 10 w] e gram

of the daughter nuclds ‘ ]

Total mass of this solution '

Approximately 5.0 **™

Method of measurement ~

This standard was prepared by gravimetric dilution
of NBS Standard Reference Material 4964-B. The
specific activity of the dilution was determined
by gamma spectrometry by -comparing the sum of the
activities of the 242, 352 and 609 KeV gamma ray

emissions to those of several NBS SRM 4957
Radium-226 sources.

Useful Life

This radienuciide has decayed thiough E hatl irvas since 0 wes ootained by EMSL-LY

Ye recommend that this solution should not be used afier L Indefinite J

- 000174



Purity The manufacturer states that activities other than that of the principal nuclide
: and of its daughter nuclides, if any, were estimated/known to be:

(1) ] EﬁﬁJFEF | 5, ’ofthe pdndpélacﬁvny

@ L%Slfaﬂaon | % | of the principal activity
less than ‘ o o

S equal to % | of the principal activity

The activity of impurity (1) is not (2) is not (3) is not
included in the quoted figures of the principal activity.

Random Errors

The precision of this standard was such that the certified value of the radicactive

cancentration cof the principal activity had a standard error (sm) not greater than +

{The 33.7% confidence limits are given by t{sm) where t is obtained from the student t factor
far the degree of freedom (n-1)).

The maximum uncertainty due to the assessable systamatic errors {diiution, counting, and
known uncertainty of the standard) is obtained by the separate arithmetic summation of the
positive and negative systematic error (+§ - § '), These have been estimated not to exceed

+3.7%jor}-3,7%

the overal! unceriainty (often called abcuracy) is an estirmate of the possitie divergance of

the quoted result from the true value. It is a combination of random error [!(sm)] at the 89.7%
confidence limits and the worst case estimate of the systematic errors (6, -5 ' )

The overall uncertainty is therefore caiculated on the basis of + [t(sm) +6]‘ - [t(sm) +63

and is [LS .5 %]. t 5.5 SZIof the quoted radioactive concentration.

Decay Schemes This standardization is basad on the fo"owing assumptions of the principle nuciide, its

daughter nuclides and impurities (no allowance for error in these assumptions or the
assumption of quoted half-life have been included in the statement of accuracy above).

Radium-226 is a member of the Uranium=-238 decay chain.
Radium-226 decays 100 percent by alpha emission to

Radon-222.
Chemical Carrier content per gram of solution: Other components:
Composition
of Solution 0.8 micrograms Ba 0.5M HC1
Preservative:
Remarks

The measured value and the expected value using the
gravimetric factors and the NBS calibraticon of SRM-4964B

differed by 1.6 sercent. The average of the two values
was used for this standard.

Date Certificate Prepared January 21, 1883

o Tl 5. A

o
Ravicad 1 7004 " O_D D 1 ? 3




a"“”':%@ " U.S. DEPARTMENT OF COMMERCE
W ?;. : Nationa! Institute of Standards & Technology

Galthersburg, MD 20899
% g | . -
s uf'f : :
'REPORT OF TRACEABILITY
_ U.S. Enviconmental Protection Agency
Environmental Monitoring Systems Laboratory.
" Las Vegas, Nevada
" Radionuclide Radium-226
Soui'ce identification 2557-4, prepared by EMSL
Source description Liquid in 5-mL flame-sealed glass ampoule
Source mass Approximatcly 5.0 gramé
Source composition Radium-226 plus 0. 8 pg of non-radioactive barium per
‘ gram of 0.5 mol- L HC
Reference time 0700 EST January 1, 1993
* NIST DATA ' | EMSL DATA
Radiéactivi'ty concentration  447.5 Bq-gt - 4403 Bq gl

E.xf:andcd uncertainty 2.5 percent (I +5.5 percent 9
Photon-emitting impurities = None observed )

None reported
(Activities at reference time) '

Measuring instrument  NIST pressurized "4"y ioniza- Dilution of SRM 4964-B
_tion chamber A calibrated with verified using germanium
SRM 4955 ‘ spectrometer system

Half life 1600 = 7 years (9

Difference from NIST -1.61 percent )

For the Director,
.M. Robin Hutchinson, Group Leader

Radioactivity Group
Physics Laboratory

Gaithersburg, MD 20899
September 1994

*Notes on next page

(over)
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NOTES

The uncertainty analysis methodology and nomenclature used for the reported
uncertainties are based on uniform NIST guidelines and are compatible with those

*- adopted by the principal international metrology standardization bochcs [cf., B.N. Taylor
and C.E. Kuyatt, NIST Technical Note 1297 (1993)}.

m

L @ The combined standard uncertainty, u, = 1.24 percent, is the quadratic combination of

the standard deviation (or standard deviation of the mean where appropriate), or
approximations thereof, for the following component uncertainties:

a) 100 ionization chamber measurements on

each of 2 samples - 0.31 percent
b) activity of SRM 4955-55 - 1.21 percent
¢) gravimetric , ' 0.05 percent .
d) half-life propagation (At = 25 y) 0.005 percent

" The expanded uncertainty, U = 2.5 percent, is obtained by multiplying u_ by a coverage

factor of k = 2 and is assumed to provide an uncertainty interval of approximately 95
percent confidence.

®) . Overall uncertainty reported by EMSL.

@ The limits of detection are:

126, st £ " between 40 and 348 keV,
475y st % ! between 356 and 605 keV, and
1.58 y sT g1 between 613 and 1900 keV,

‘provided that impurity photons are separated in energy by four keV or more from the
principle gamma-ray emissions of radium-226 and its daughters.

(%) Evaluated Nuclear Structure Data File (1990).

©) This result demonstrates the traceability of EMSL to NIST, for this measurement, to

within five percent as specified in the appendix, Traceability Studies, of the EPA-NIST
interagency agreement of April 1976, as amended.

For further information, please contact Jeffrey T. Cessna at 301-975-5539.

Source identification 2557-4
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Daily Checks
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Lucas Cell + PMT Daily Performance Check Summary - Detector A, Scalar #1

riinstialphscntidailychk.xls

Historical control limts established 8/28/01.

Count Gross
Obs. # Date Dur. {(m) Counts OK? LCL UCL
421 6/1/04 1 9495 OK 9047 9762
422 6/1/04 1 9285 OK 9047 9762
423 6/7/04 1 9467 OK 9047 9762
424 6/7/04 1 9479 OK 9047 9762
425  8/M17/04 1 9513 OK 9047 9762
426  B/17/04 1 9454 OK 9047 9762
427 6/21/04 1 9429 OK 9047 9762
428  B6/22/04 1 9496 OK 9047 9762
429  6/23/04 1 9571 OK 9047 9762
430  6/24/04 1 9468 OK 9047 9762
431 6/24/04 1 9452 OK 9047 9762
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Lucas Cell + PMT Daily Performance Check Summary - Detector B, Scalar #2

rinst\alphscnt\dailychk.xls

Historical contro! limts established 9/25/01.

Count Gross
Obs. # Date Dur. (m) Counts OK? LCL ucL
402 6/1/04 1 9490 OK 9074 9734
403 8/1/04 1 9449 OK 9074 9734
404 6/7/04 1 9568 OK 9074 9734
405 6/7/04 1 9430 OK 9074 9734
406 6/17/04 1 9449 OK 9074 9734
407 6/17/04 1 9335 OK 9074 9734
408  8/21/04 4 9333 OK 9074 9734
409  6/22/04 1 9475 OK 9074 9734
410  8/23/04 1 9339 OK 9074 9734
411 6/24/04 1 9324 OK 9074 9734
412 B/24/04 1 9612 OK 8074 9734
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adiation 'sfcmdc:r‘ds and check sources ' : v
810 Sller Lane Santa Fe, NM 87501
S05)473-5538 FAX(505)473-5805

REFPOH__65-1926 "

Ceriificate of Calibration
(Alpha Sources) |

The - __ Thoriwn 230 alpha’

s'our'c':é""""'Was mnasurnd in a
proportional ‘counter using P-10 as coun‘;mg gas. The alpha
emissions from the surface of the source were measured at iis

plateauw voltage io determine its 2pi cpm. rate,

applied' for background, commdence loss and backscatter factors

when applicable. ' The source is

Correcticns were

refarenced to NIST: 90THAT704627A

used in éstablishing tracesbliity.

Active Diameter(or area)___44mm

Mounting Maierial__SS
Total Diameter{or area)___47m

Tnicknass 0. 79mmn
9,150 cpm x 460 cpm 2pl
18.00Q0 dpm + 900 dpm 4pi
0.00812 rnicrocurie
08/20/92  date of measurement

92TH4703015 source serial number

Michaeal A, Oriiz _ Calibration qucgnr 7/4///)%{

Charles L. Gonzales Q.A. Managef j// /j

The total unc_eri-_éinty, of the measurement at the 88% confidence
interval is 5.0 percent.

ACDO%
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226Ra by Rn Emanation
Calibration Package
for
Detectors C and D
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Voltage Plateau Data
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| Paragon Analytics, Inc.

QUALITY ASSURANCE SUMMARY SHEET

PAI W.O. # / BATCH GJH,J AREATICK
TEST 42“Pa

~ 2710212 METHOD §07% | _
- SOP/REV (PREP) ] & %25
SOP/REV (ANAL) —

Briefly document any QA or other problems or deviations associated with the analysis of
samples. Problems could result from: log-in, color, odor, dilution, consistency,
scheduling, equipment, or instrumentation, or may include documentation of minor
deviations necessary due to unique DQQ’s or sample characteristics.

AN

N Yy
= S URTUH

THE OPERATING VOLTAGE FOR SCALAR/DETECTOR COMBINATIONS
WAS DETERMINED AS FOLLOWS:
1. ADJUST THE VOLTAGE OF THE SCALAR TO A LOW VOLTAGE (500V).
2. COUNT THE 18,000 dpm **Th SOURCE FOR 1 MINUTE AND RECORD
THE COUNTS IN THE EMANATION MAINTENANCE LOG.
3. ADJUST THE VOLTAGE OF THE SCALAR BY 100V AND REPEAT STEP 2.
}% 4. CONTINUE THIS PROCESS UNTIL THE GROSS COUNTS ARE CLEARLY!Q
OUT OF RANGE (>10,000, USUALLY ABOUT 1500V). N

5Un74 3% 5. PLOT THE VOLTAGE AGAINST THE GROSS COUNTS ON A SCATTER [”.'.Jg 5

PLOT. , ST
6. REPEAT THE PROCESS DESCRIBED IN STEP 2 WITH NOTHING IN THE
DETECTOR FOR OPERATING VOLTAGES ON THE PLATEAU TO
DETERMINE DETECTOR BACKGROUND AT DIFFERENT OPERATING
VOLTAGES. RECORD THE COUNTS IN THE EMANATION
MAINTENANCE LOG.
7 CHOOSE AN OPERATING VOLTAGE ON THE PLATEAU THAT GIVES
THE LOWEST POSSIBLE BACKGROUND COUNTS (PREFERABLY 0).

Lzr D2 foxlon

[ Suemas __ /
| o
(A oo™
A ——
TECHNICIAN/ANALYST W&y /’:“/‘1 //AL_._ DATE m/.oz [ 6
v i
DEPARTMENT MANAGER _/ A’i / V/(/p A2 paTE L %

FORM 302r5.FRM (&B(ﬂ(}l}g ]
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Paragon Analytics, Inc.

QUALITY ASSURANCE SUMMARY SHEET

PAT W.O. #/BATCH \_ALiS8&ATI0~

TEST *2“f-
METHOD _ G03%-(
2 7 1013 SOP/REV (PREP) 183 ¥
SOP/REV (ANAL)

Briefly document any QA or other problems or deviations associated with the analysis of
samples. Problems could result from: log-in, color, odor, dilution, consistency,
scheduling, equipment, or instrumentation, or may include documentation of minor
deviations necessary due to unique DQO’s or sample characteristics.

&’ﬂ)O[((‘i cH . —

¢+ DUE TO RECENT LCS FAILURES A SERIES OF TRIALS WERE PERFORMED.
IT WAS DETERMINED FROM THESE TRIALS AND A REVIEW OF

(}B CALIBRATION DATA THAT THE CALIBRATION SOURCES USED HAS

POSSIBLY LOST ACTIVITY, RESULTING IN A LOWER EFFICIENCY FOR THE )
CELLS. A NEW SET OF CALIBRATION SOURCES WAS PREPARED AND USED @

ol 1l To RECALIBRATE THE DETECTOR/CELL COMBINATIONS. o ,v.;é.,‘t

¢ EFFICIENCY CONTROL LIMITS WERE REDUCED FROM 80-120% TO 90-110%.
THE EFFICIENCIES OBTAINED FOR THIS CALIBRATION WILL BE USED AS
THE BASE FOR CONTROL LIMIT CALCULATIONS, PER THE
RADIOCHEMISTRY DEPARTMENT SUPERVISOR.

e

),_

TECHNICIAN/ANALYST - > /7 " DATE &l ( { ‘?/ otf

DEPARTMENT MANAGER ////// DATE é//?i//;/

FORM 302r5.FRM (04/30/01)
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- Paragon Analytics, Inc.

" QUALITY ASSURANCE SUMMARY SHEET

PAI W.0.#/BATCH Qum-mw
i TEST ___ 27“£u
27161 METHOD __ 9673, |

* SOP/REV (PREP) 132 5
SOP/REV (ANAL)

Briefly document any QA or other problems or deviations associated with the analysis of
samples. Problems could result from: log-in, color, odor, dilution, consistency,
scheduling, equipment, or instrumentation, or may include documentation of minor
deviations necessary due to unique DQQ’s or sample characteristics.

N O‘Z(‘cf[o“f

CALIBRATION SOURCES WERE PREPARED IN THE FOLLOWING MANNER:
1. 23 mL OF EDTA WAS ADDED TO EACH VOA VIAL.
2. EACH VIAL WAS SPIKED WITH 2 mL OF THE CALIBRATION SOURCE

@3, (460.1572.47)
ol 3. THE VIALS WERE PURGED WITH He AND ALLOWED TO INGROW FOR

. ATLEAST 7 DAYS. N
: O {/ (%(0‘-(
INDEPENDENT CALIBRATION VERIFICATION (ICV) SOURCES WERE
PREPARED IN THE MANNER STATED ABOVE, USING THE ?*Ra SPIKING *
SOURCE TO SPIKE THE VIALS. / :
(X cvx‘(_l‘-;‘"!ew
U T ¥

e e e e,
. U /
z e

/

/

/

| o
AT

s e e B R et L3 . . .
- ,‘_,_.._,w.._--—‘———' "‘—*'_‘*‘&_J
e e
e i T
T— ,\

TECHNICIAN/ANALYST ~  DATE & W9 |oy

DEPARTMENT MANAGER _/_ W DATE ’]/ [’m'/ 0-f

FORM 302r5.FRM (04/30/01)
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Paragon Analytics, Inc.
QUALITY ASSURANCE SUMMARY SHEET

PAIW.0.#/BATCH C_jt\ LVREAT OB
o TEST **“Pa
cLo3UG METHOD 9031
SOP/REV (PREP) %3 £5
SOP/REV (ANAL) —

Briefly document any QA or other problems or deviations associated with the analysis of
samples. Problems could result from: log-in, color, odor, dilution, consistency,
scheduling, equipment, or instrumentation, or may include documentation of minor
deviations necessary due to unique DQQ’s or sample characteristics.

Gl

BACKGROUND COUNTS FOR SOME CELL-DETECTOR COMBINATIONS WERE
COUNTED FOR LESS THAN THE SAMPLE COUNT TIME AND EXTRAPOLATED
TO THE LONGER COUNT TIME (SEE CALCULATION BELOW). SINCE >10000
(3 COUNTS ARE OBTAINED FOR EACH SAMPLE, THE ERROR ASSOCIATED f%
WITH CORRECTING THE BACKGROUND COUNTS TO THE SAMPLE COUNT  , ~
_TIME IS NOT SIGNIFICANT. THE CORRECTED DATA IS THEREFORE e
“SUBMITTED WITHOUT QUALIFICATION.
BACKGROUND COUNT CORRECTION:

ik

- BKG CO INTS CORR 'CTEDBI{G
BKGCOUNTTIME _ SAMPLECOUNTTIME
L r":’f Y -
—— —
e
/”'/

¢

D
U@)

- / /

TECHNICIAN/ANALYST /@* DATE ‘t |\~z,(<ﬂ

DEPARTMENT I\’[ANAGER ﬁ { == DATE 4/ /;’/C 5
7 7

FORM 302r5.FRM (04/30/01)
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Paragon Analytics, Inc.

QUALITY ASSURANCE SUMMARY SHEET

R PAI W.0. # / BATCH EaTICI
b e TEST _ 2%
2710 31 METHOD _ 207 o
SOP/REV (PREP) T/ 83BN
SOP/REV (ANAL)

s or deviations associated with the analysis of
log-in, color, odor, dilution, consistency,
de documentation of minor

Briefly document any QA or other problem

samples. Problems could result from:

scheduling, equipment, of i
deviations necessary due to unique

m

nstrumentation, or may inclu
DQO’s or sample characteristics.

TECHNICIAN/ANALYST (9" DATE &% 02/ aif

DEPARTMENT MANAGER ;Z ZQM ,9 Z ; A DATE R/ Z{ 27

FORM 302r5.FRM (04/30/01)
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TO4EO
U.S. Environmental Protection Agency jg"}giq 7

Environmental Monitoring Systems Laboratory-Las Vegas
Nuciear Radiation Assessment Division

Calibration Certificate

Description

Principal redionucide rRadl um-—2 246 J "'"'""[ 1600 vears ]
Nominal activdy l 6 Ll r nano :uli-s]
Nominal volume mi in ampoule /botllie number 2 5 5 7_ 4

Measuremenl  Activity of principal radionuclide

Activity pec gram of thic solution

[ 11.9 ][ nanowis]| | Radium-226

-

nmmhwnETMl January 1993 J

Activity of daughter radionuciide

The princigal sciivity wes sccompanied st the quoted lima by
[ ] [ cufies fPer gram

of he daughter nuclide ‘ ]

Total mass of this solution

Approximately 5.0 "™

Method of measurement -

This standard was prepared by gravimetric dilution
of NBS Standard Reference Material 4964-B. The
specific activity of the dilution was determined
by gamma spectrometry by -comparing the sum of the
activities of the 242, 352 and 609 KeV gamma ray
emissions to those of several NBS SRM 4957
Radium-226 sources.

Useful Lite o )
Thit radisnuciide het decayed theaugh hatf {ives since 1t wat ottsined by EMSL-LV

Wa recommand that this solution should not be vsed shar L Indefinite I

[
NG

BODZ



Purity The manufacturer states that activities other than that of the principal nuclide
and of its daughter nuclides, if any, were estimated/known to be:

(1) :aequatihx%n %] of the principal activity

(21 v Ieequatlhlgn % | of the principal activity

3 iess than % | of L L
- equal to of the principal activity

The activity of impurity (1) is not {2} is not {3) is not
included in the quoted figures of the principal activity.

Random Errors

The precision of this standard was such that the certified value of the radioactive

concentration of the principal activity had a standard error (sm) not greaterthan t| 0, 6 %I

{The 99.7% confidence limits are given by t(sm) where 1 is obtained from the student t factor
for the degree of freedom {n-1}),

The maximum uncertainty due to the assessable systematic errors (dilution, counting, and
known uncertainty of the standard) is obtained by the separate arithmetic summation of the
positive and negative systematic error { + § = § ' ). These have been estimated not. to exceed

+3,7%jor]-3.7%

the overall uncertainty (often called accuracy) is an estirnate of the possitie divergence of

the guoted result from the true value. it is a combination of random error [t(sm)] at the 89.7%
confidence, limits and the worst case estimate of the systematic errors { +4. -5 ')

The overall uncertainty is therefore calculated on the basis of + [t(sm) +¢S], - [t(sm) +5]

and is l+ 5.5 %I. [“ 5.5 glof the quoted radioactive concentration.

Decay Schemes This standardization is based on the following assumptions of the principle nuclide, its

daughter nuclides and impurities (no allowance for error in these assumptions or the
assumption of guoted half-life have been included in the statement of accuracy above).

Radium-226 is a memker of the Uranium-238 decay chain.
Radium-226 decays 100 percent by alpha emission to

Radon-222.
Chemical Carrier content per gram of solution: Other components:
Composition
of Solution 0.8 micrograms Ba 0.5M HC1
Preservative;
Remarks

The measured value and the expected value using the
gravimetric factors and the NBS calibration of SRM-4964B

differed by 1.6 percent. The average of the two values
was used for this standard.

Date Certificate Prepared January 21, 1 9 93

Approval Signature

Anvicart | /R4



"~ U.S. DEPARTMENT OF COMMERCE

National Institute of Standards & Technology
Galthersburg, MD 20899

My,
%
%
-]
. ad‘j

% g
- %"h‘rn of o ' ‘ : .
| : REP_C)RT OF TRACEABILITY
_ U.S. Environmental Protection Agency -
Environmental Monitoring Systems Laboratory -
" Las Vegas, Nevada
" Radionuclide ~ Radium-226
Soufce identification ?557-4, prepared by EMSL
Source descriptioh_ Liqdid'in 5-mL flame-sealed glass_ampouic
Source mass Approximatcly 5.0 gramé
Source composition * Radium-226 plus 0. 8 174 of non-radioactive barium per
S -7 gram of 0.5 mol-L'! HCl
Reference tune 0700 EST January 1, 1993
" NIST DATA | - MSL_DMA
Radioactivity concentration  447.5 Bqog? " 4403Bgeg?
Ex#added uncertainty 2.5 percent a* +5.5 percent @
Photon-emitting impurities None observed ) None reported
(Activities at reference time)
Measuring instrument ~ NIST pressurized "4y ioniza- Dilution of SRM 4964-B
_tion chamber A calibrated with verified using germanium
SRM 4955 spectrometer system

Half life = 1600 + 7 years (¥

Difference from NIST -1.61 percent )

For the Director,

Gaithersburg, MD 20899 J.M. Robin Hutchinson, Group Leader
September 1994 Radioactivity Group

' : Physics Laboratory

*Notes on next page

(over)
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(6)

NOTES

The unccrtamty analysxs methodology and nomenclature used for the reported

uncertainties are based on uniform NIST guidelines and are compatible with those

- adopted by the principal international metrology standardization bodxcs fcf., B.N. Taylor
' and C.E. Kuyatt, NIST Technzcal Note 1297 (1993)]

The corhbined standard unce‘rtairity,'u = 1.24 percent, is the quadratic. combination of
the standard deviation (or standard deviation of the mean where appropriate), or

- approximations thereof, for thc follomng componcnt uncertainties:

a) 100 ionization chamber measurements on

each of 2 samples . - 0.31 percent -
b) activity of SRM 4955-55 ' 1.21 percent
c) gravimetric . " 0.05percent .
d) half-life propagation (At = 25 y) 0.005 percent
" The expanded unccrtainty, U=25 pereent, is obtained by multiplying u_ by a coverage

factor of k = 2 and is assumed to provide an unccrtamty interval of approxxmatcly 95
percent conﬁdcncc :

Overall uncertainty reported by EMSL.

The limits of detection are:

12.6 y g1 g 1 between 40 and 348 keV,
475y st % 1 between 356 and 605 keV, and
158 y st g1 between 613 and 1900 keV,

provided that impurity photons are scparatcd in energy by four keV or more from the
principle gamma-ray emissions of radium-226 and its daughters.

Evaluated Nuclear Structure Data File (1990).

This result demonstrates the traceability of EMSL to NIST, for this measurement, to
within five percent as specified in the appendix, Traceability Studies, of the EPA-NIST
interagency agreement of April 1976, as amended.

For further information, please contact Jeffrey T. Cessna at 301-975-5539.

Source identification 2557-4

000215
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Code #: “£0./5.72.4 7 Name of Standard: £ 27/, furpin. i

Date:__ 12./1 /14 Analyst: TAsoN Molex T

Aliquot for verification:__ T g (o’—/.[ﬂa Aliavets plaredw Gep 11 todmner
Work up: %‘-“é ﬂHd\J\éﬁ; 0 nss

Expected activity and uncertainty: 53 ? ? ’ﬂ @./ /O/

Results of Counting and counting uncertainty: L 575 ’f: /%

= /0L.S Vi o exiﬂ:éﬂ?tj

Radiochemistry Technical Managwug/\_‘—" Date: / QT/ 3 / 29

Radiochemistry QA Manager: Date:

ATIEM 718FEC
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Paragon Analytics, Inc.

QUALITY ASSURANCE SUMMARY SHEET
PAIW.O.#/BATCH__ 99 -3~ 0/0 - 2
TEST ' Y"
METHOD b('\xh . &H Ly
sop__ ' AE [VERRBL
INST2vLTION PW“/

P eRr
Briefly document any QA or other problems or deviations associated with the analysis of )
samples. Problems could result from: log-in, color, odor, dilution, consistency,

scheduling, equipment, or instrumentation, or may include documentation of minor
deviations necessary due to unique DQO’s or sample characteristics.

T9-22-0/0-0) wnd —p1  gro N
Socne S 6l Reaop (4 Gho 152299
b Y D% heo ~)]

fﬂfaf QDW:)AQ’ A/t \A/L-D\Q{ )\,p Vo che.
Hox () shlfdond.

l—-\

TECHNICIAN/ANALYST 9/\/ \—D—A;E / So/ (44
RESOURCE MANAGER :/)()\/!/r/.,\ DATE //5 D/Z?

J‘JW n
W FORM 302FC3.FRM (10- 30 ;88 “ 1

poo21e




Client Name:

Paragon Analytics,

Inc.

GAMMA SPECTROMETRY RESULTS SUMMARY
(Modified)

Method 901.1

Client Project Id:
Client Sample ID: #460.1572.47

Lab Sample ID: 89-23-010-01

Sample Matrix: Liquid

Count Duration: 30 Min.

Date Collected:

Date

std. verification Total Radium

Page 1

11/30/99 12:00

Analyzed: 12/01/99 08:48

Aliquot: 64.600

Nuclide Activity (pCili/Gram) % Uncertainty Flag
Be-"7 < 1.3 BDI1, J
Na-22 < 0.19 BDL U
K-40 < 2.0 BDL U
Sc-46 < 0.24 BDL U
Cr-51 < 1.2 BDL U
Mn-54 < 0.18 BDL V)
Co-56 < 0.32 BDL U
Co-57 < 0.10Q BDL U
Ceo-58 < 0.18 BDL o)
Fe-59 < 0.31 BDL U
Co-60 < 0.25 BDL u
Zn-65 < 0.64 BDL U
Sr-85 < 0.23 BDL U
Nb-95 < 0.28 BDL U
Ru-106 < 1.3 BDL U
Ag-110m < 0.14 BDL U
Sbh-124 < 0.20 BDL U
Skb-125 < 0.41 BDL U
I-131 < 0.18 BDL U
Cs-134 < 0.24 BDL 8]
Cs-137 < 0.18 BDL U
Ce-1358 < 0.12 BDL U
Ce-144 < 0.77 BDL: U
Eu-152 < 1.1 BDL o)
Fu-154 < 0.53 BDL U
Eu-155 < 0.47 BDL U
T1-208 < 0.18 BDL U
Bi-212 < 2.0 BDL u
Pb-212 < .24 BDI, U
Bi-214 6.2 + 1.2 18.8

Pb-214 7.0 £ 1.3 18.0

Ra-226 57 ¢+ 11 18.8

Data stored in file 10007826.

0
o
Q)

Continued on next page...
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Paragon Analytics,

Inc.

GAMMA SPECTRCMETRY RESULTS SUMMARY
(Modified)

Method 901.1

Client Name: Std. verification Total Radium
Client Project Id:
Client Sample ID: #460.1572.47

Lab Sample ID: 99-23-010-01
Sample Matrix: Liquid

Count Duration: 30 Min.

Date Collected:
Date Analyzed:

Page 2

11/30/99 12:00
12/01/99 08:48
Aliguot: 64.600

Nuclide Activity (pCi/Gram) % Uncertainty Flag
Th-227 < 0.88 BDL U
Ac-228 < 0.63 BDL u
Pa-234m < 31 BDL U
Th-234 < 2.2 BDL U
U-235 < 0.85 BDL U
Am-241 < 0.74 BDL U

Data stored in file 10007826 .SPC

Reported Uncertainties are the Estimated Total Propagated Uncertainty (20).
See PAI S0P 743 for details of the TPU determination.

BDL = Below Detection Limit; see method for DL determinaticn

Flags:

U = Result is less than the sample specific minimum detectable activity.

000223



Paragon Analytics, Inc. Page 1
GAMMA SPECTROMETRY RESULTS SUMMARY
Method 9201.1 (Modified)

Client Name: Ra 226 Std. Verification
Client Project Id:
Client Sample ID: Duplicate

Lab Sample ID: 99-23-010-D1 Date Collected: 11/30/9% 12:00
Sample Matrix: Liquid Date Analyzed: 12/01/99 09:25
Count Duration: 30 Min. Aliquot: 64.600

Nuclide Activity (pCi/Gram) % Uncertainty Flag
Be-7 < 1.9 BDL U
Na-22 < 0.33 BDL u
K-40 < 2.9 BDL U
Sc-46 < 0.17 BDL u
Cr-51 < 1.3 BDL U
Mn-54 < 0.24 BDL U
Co-56 < 0.57 BDL U
Co-57 < 0.11 BDL u
Co-58 < 0.20 BDL U
Fe-59 < 0.57 BDL U
Co-60 < 0.41 BDL U
Zn-65 < 0.44 BDL U
Sr-85 < 0.31 BDL U
Nb-95 < 0.28 BDL U
Ru-106 < 2.1 BDL 9]
Ag-110m < 0.26 BDL U
Sb-124 < 0.24 BDL U
Sb-125 < 0.57 BDL a
I-131 < 0.18 BDL U
Cs-134 < 0.26 BDL 8]
Cs-137 < 0.30 BDL u
Ce-139 < 0.12 BDL U
Ce-144 < 1.0 BDL U
Eu-152 < 2.3 BDL U
Eu-154 < .92 BDL 8]
Eu-155 < 0.63 BDL u
T1-208 < 0.27 BDL U
Bi-212 < 3.0 BDL 9]
Pb-212 < 0.32 BDL U
Bi-214 5.5 + 1.2 22.5

Pb-214 5.6 + 1.1 20.1

Ra-226 62 + 12 20.1

Data stored in file 10007832.SPC

Continued on next page..
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Paragon Analytics, Inc. Page 2
GAMMA SPECTROMETRY RESULTS SUMMARY
Method 901.1 (Modified)

Client Name: Ra 226 Std. Verification
Client Project Id:
Client Sample ID: Duplicate

Lab Sample ID: 9%-23-010-D1 Date Collected: 11/30/99 12:00

Sample Matrix: Liquid Date Analyzed: 12/01/99 09:25

Count Duration: 30 Min. Aliguot: 64,600
Nuclide Activity (pCi/Gram) % Uncertainty Flag
Th-227 < 1.2 BDL U
Ac-228 < 0.94 BDL U
Pa-234m < 48 BDL U
Th-234 < 2.7 BDL U
U-235 < 0.89 RDL U
Am-241 < 1.1 BDTLL u

Data stored in file 10007832.SPC

Reported Uncertainties are the Estimated Total Propagated Uncertainty (20).
See PAI SOP 743 for details of the TPU determination.

BDL = Below Detection Limit; see method for DL determination

Flags:
U = Result is less than the sample specific minimum detectable activity.

Remarks: Sample 99-23-010-D1 is a duplicate of 99-23-010-01.
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Paragon Analytics, Inc. Page 1
GAMMA SPECTROMETRY RESULTS SUMMARY
Method 901.1 (Modified)

Client Name: Standard Verification Ra226.
Client Project Id:
Client Sample ID: #460.1572.47

Lab Sample ID: 99-23-010-02 Date Collected: 11/30/99 12:00
Sample Matrix: LIQUID Date Analyzed: 12/01/99 08:51
Count Duration: 30 Min. Aliquot: 64.600

Nuclide Activity (pCi/Gram) % Uncertailnty Flag
Be-7 < 1.4 BDL u
Na-22 < 0.33 BDL U
K-40 < 3.8 BDL U
Sc-46 < 0.24 BDL u
Cr-51 < 1.5 BDIL U
Mn-54 < 0.27 BDL u
Co-56 < 0.37 BDL U
Co-57 < 0.12 BDL U
Co-58 < 0.31 BDL U
Fe-59 < 0.52 BDL U
Co-60 < 0.43 BDL u
Zn-65 < 0.85 BDL u
Sr-85 < 0.33 BDL u
Nb-95 < 0.37 BDL U
Ru-106 < 2.3 BDL o
Ag-110m < 0.18 BDL U
Sb-124 < 0.29 BDL U
Sb-125 < 0.53 BDL U
I-131 < 0.21 BDL u
Cs-134 < 0.26 BDL 8]
Cs-137 < 0.26 BDL u
Ce-139 < 0,14 BDL: u
Ce-144 < 0.89 BDL U
Eu-152 < 2.1 BDL U
Eu-154 < 0.92 BDL 3]
Eu-155 < 0.63 BDL U
T1-208 < 0.28 BDL U
Bi-212 < 2.8 BDL U
Pb-212 < Q.29 BDL U
Bi-214 6.5 + 1.4 21.0

Pb-214 6.7 + 1.3 19.4

Ra-22¢6 57 + 12 20.4

Data stored in file 10007827.SPC

Continued on next page...
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Client Name:
Client Project Id:
Client Sample ID:

Lab Sample ID:

Paragon Analytics,

Inc.

GAMMA SPECTROMETRY RESULTS SUMMARY
(Modified)

Method 2901.1

Standard Verification

#460.1572.47

99-23-010-02

Date Collected;

Raz26.

Page 2

11/30/99 12:00

Sample Matrix: LIQUID Date Analyzed: 12/01/99 08:51

Count Duration: 30 Min. Aliguot: 64.600
Nuclide Activity (pCi/Gram) % Uncertainty Flag
Th-227 < 1.4 BDL u
Ac-228 < 1.1 BDL g
Pa-234m < 57 BDL u
Th-234 < 2.6 RDL U
U-235 < 1.0 BDL U
Am-241 < 1.1 BDL U

Data stored in file 10007827.SPC

Reported Uncertainties are the Estimated Total Propagated Uncertainty (20).
See PAI SOP 743 for details of the TPU determination.

BDL = Below Detection Limit;

Flags:

see method for DL determination

U = Result is less than the sample specific minimum detectable activity.
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Paragon Analytics, Inc. Page 1
GAMMA SPECTROMETRY RESULTS SUMMARY
Method 901.1 (Modified)
Client Name: Ra226 Std.Verification
Client Project Id:

Client Sample ID: Duplicate

Lab Sample ID: 99-23-010-D2 Date Collected: 11/30/99 12:00

Sample Matrix: Date Analyzed: 12/01/99 09:23

Count Duration: 30 Min. Aliguot: 64.600
Nuclide Activity (pCi/Gram) % Uncertainty Flag
Be-7 < 1.3 BDL u
Na-22 < 0.20 BDL U
K-40 < 2.9 BDL u
Sc-46 < 0.19 BDL 1)
Cr-51 < 1.2 BDL U
Mn-54 < 0.17 BDL u
Co-56 < 0.32 BDL U
Co-57 < 0.092 BDL: u
Co-58 < 0.16 BRDL u
Fe-59 < 0.43 BDL u
Co-60 < 0.21 BDL U
Zn-65 < 0.61 BDL U
Sr-85 < 0.24 BDL U
Nb-95 < 0.26 BDL 19)
Ru-106 < 1.7 BDL U
Ag-110m < 0.15 BDL U
Sbh-124 < 0.23 BDL g
Sb-125 < 0.49 BDL U
I-131 < 0,17 BDL U
Cg-134 < 0.24 BDL U
Cs-137 < 0.21 BDL U
Ce-139 < 0.11 BDIL, u
Ce-144 < 0.84 BDL u
Fu-152 < 1.3 BDL u
Eu-154 < 0.56 BDL, U
Eu-185 < 0.48 BDL u
T1-208 < 0.22 BDL u
Bi-212 < 2.3 BDL U
Pb-212 < 0.25 BDL u
Bi~-214 7.4 £+ 1.4 18.5
Ph-214 7.0 £ 1.3 18.0
Ra-226 54 + 10 19.2

Data stored in file 10007831,8PC

Continued on next page...
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Paragon Analytics, Inc. Page 2
GAMMA SPECTROMETRY RESULTS SUMMARY
Method 901.1 (Modified)

Client Name: Ra226 Std.Verification
Client Project Id:
Client Sample ID: Duplicate

Lab Sample ID: 95-23-010-D2 Date Collected: 11/30/99 12:00
Sample Matrix: Date Analyzed: 12/01/99 09:23
Count Duration: 30 Min. Aliquot: 64.600

Nuclide Activity (pCi/Gram) % Uncertainty Flag
Th-227 < 0.84 BDL )
Ac-228 < (.60 BDL u
Pa-234m < 37 BDL U
Th-234 < 2.6 BDL 8]
U-235 < 0.82 BDL §)
Am-241 < 0.73 BDL U

Data stored in file 10007831.SPC

Reported Uncertainties are the Estimated Total Propagated Uncertainty (20).
See PAI SOP 743 for details of the TPU determination.

BDL = Below Detection Limit; see method for DL determination

Flags:
U = Result is less than the gample sgpecific minimum detectable activity.

Remarks: Sample 99-23-010-D2 is a duplicate of 99-23-010-02.
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Sample ID 99-23-010-02 B:STD.ACT.VERIFIC.

Sample Size . . . . 1.00e+000 Sample Spectrum File . . . . . . . . GDR03.8PC
Sampling Start. . . . .11-30-99 12:00 Counting Start. . . . . 12-01-99 08:51
Sampling Steop . . . . .11-30-99 12:00 Live Time . . . . . . . . . 1800 Sec
Current Date. . . . . .12-01-99 08:16 Real Time . . . . . . . . . 1806 Sec

Detector #: 3

Energy (keV) -0.52 + 0.501*Ch + 0.00e+000*Ch"2 + 0.00e+000*Ch"3 12-01-99 (07:54

FWHEM (keV) = 0.80 + 0.011*En + 6.71e-004*En"2 + 0.00e+000*En"3 11-08-99 11:57
Where En = Sgrt(Energy in keV)
Sensitivity . . . . . . . . . . 0.20 Search Start / End. . . . . 30 / 4000
Sigma Multiplier. . . . . . . . 2.00
PEAK SEARCH RESULTS
PK. ENERGY ADDRESS NET UN - C.L. BKG FWHM
# (keV) CHANNEL COUNTS CERTAINTY COUNT'S COUNTS (keV) FLAG
L 74 .77 150.34 46 38 33 129 1.05 a
2 77.17 155.13 1le6 39 28 115 0.96 b
3 86.89 174.53 22 36 32 125 0.48 NET < CL
4 186.13 372.68 443 52 27 89 1.16
5 238.37 477.00 14 17 13 31 0.66 a
6 241.98 484 .20 126 31 19 477 1.15 b
7 295,18 590.44 203 37 22 52 1.33
8 351.81 703.50 357 43 1% 40 1.23
S 379.29 758.37 i8 17 14 22 1.28
10 486.19 971.82 10 16 i4 18 0.85 NET < CL
11 511.04 1021.44 39 21 16 27 2.52
12 609.27 1217.58 2792 37 15 21 1.61
13 768.42 1535.36 28 17 13 16 1.36
14 934.00 1865.98 13 14 11 13 1.06
15 989.85 1977.50 5 13 11 11 1.11 NET < CL
16 1120.22 2237.82 46 18 11 S 1.74
17 1238.12 2473 .24 22 11 1) 4 1.88
18 1315.24 2627.22 5 9 7 4 0.60 NET < CL
1% 1400.32 2797.10 10 ) 0 0 2.35
20 1408.58 2813.51 19 9 0 0 2.23
21 1764.67 3524.62 39 14 5 2 2,06

00022

vl



Sample ID 99-23-010-02 B:STD.ACT.VERIFIC.
Bkg PFile: . . . . . . . DETO03 .bkg Counting Start. . . . . 12-01-99 08:51
ID.: 99-23-006-03 B:11/29/99 WK.BKG Current Date . . . . . 12-01-99 08:1¢6
ENERGY FWHM OLD NET QLD UN- NEW NET NEW UN-
PK# {keV) (keV) COUNTS CERTAINTY COUNTS CERTAINTY FLAG
4 186.13 1.16 443 52 431 52
5 238.37 0.66 14 17 11 18 NET < CL
8 351.81 1.23 357 43 347 43
11 511.04 2.52 39 21 -7 22 NET < CL
12 608.27 1.61 272 37 265 37
21 1764.87 2.06 39 14 37 14
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GDR/PC Paragon Analytics, Inc Fort Colling, CO Ver. 6.02a
NUCLIDE ACTIVITY SUMMARY o

Sample ID: 99-23-010-02 B:STD.ACT.VERIFIC.

Sample Size 1.00e+000 Sample Spectrum File GDRO3 . SPC

Sampling Start. .11-30-99 12:00
Sampling Stop .11-30-99 12:00
Current Date. .12-01-99 08:1¢6

.DET0311.EFF

Counting Start.
Buildup Time. 0.00e+000 Hrs
Decay Time. 2.09e+001 Hrs

Library File. .FANPR6.LIB

12-01-99 08:51

ID. GEC11l 534 IDFiss. Act. and Nat. Library RTS 02/17
Eff.= 1/[2.28e-003*En"-3.58e+000 + 7.58e+001*En"8.58e-001] 08-25-99 14:19
Gamma Fraction Limit »>= 75.00 % | Decay Limit <=. 8.000 Halflives
Library Energy Tolerance. 2.00

FINAL ACTIVITY REPORT

Energy Conc +- 2.00sigma Halflife Peaks
Nuclide (keV) (DPM/Sample ) (hrs) Found
Ra-226 186.21 8.24e+003 +-9.94e+002 1.40e+007 1 of 1
Pb-214 Average: 9.58e+002 +-2.87e+001 1.40e+007 2 of 2
295.21 9.45e+002 +-1.72e+002
351.92 9.64e+002 +-1.21e+002
Bi-214 Average: 9.31e+002 +-1.22e+002 1.40e+007 2 of 2
609.31 9.46e+002 +-1.31e+002
1120.29 8.42e+002 +-3.23e+002
Am-241 59.54 <« 1.60e+002 3.79%9e+006 MDA
Eu-155 86.55 < 9.01e+001 4.34e+004 MDA
Th-234 92.60 < 3.67e+002 3.91e+013 MDA
Co-57 122.06 < 1.76e+001 6.50e+003 MDA
Ce-144 133.54 <« 1.27e+002 6.82e+003 MDA
U-235 143.76 < 1.46e+002 6.17e+012 MDA
Ce-139 165.85 < 2.01e+001 3.30e+003 MDA
Th-227 236.00 < 1.97e+002 1.91e+005 MDA
Pbh-212 238.63 <« 4.10e+001 1.67e+004 MDA
Cr-51 320.08 < 2.16e+002 6.65e+002 MDA
I-131 364.48 <« 3.07e+001 1.93e+002 MDA
Sb-125 427.89 < 7.59%e+001 2.43e+004 MDA
Be-"7 477.59 <« 1.95e+002 1.28e+003 MDA
Sr-85 513.9% <« 4.77e+001 1.56e+003 MDA
T1-208 583,14 <« 4.03e+001 1.672+004 MDA
Sh-124 602.71 < 4.14e+001 1.44e+003 MDA
Cs-1234 604.70 <« 3.78e+001 1.81e+004 MDA
Ru-106 621.84 <« 3.35e+002 8.84e+003 MDA
Ag-110m 657.75 < 2.64e+001 6£.00e+0032 MDA
Cs-137 661.65 <« 3.78e+001 2.64e+005 MDA
BRi-212 727.17 < 4.04e+002 1.67e+004 MDA
Nb-95 765.79 <« 5.37e+001 1.54e+003 MDA
Co-58 810.76 < 4.44e+001 1.70e+003 MDA
Mn-54 834.83 < 3.92e+001 7.50e+003 MDA
000223



Sc-46 889.25 < 3.42e+001 2.01e+003 MDA

Ac-228 911.07 < 1.52e+002 5.04e+004 MDA

Pa-234m 1001.03 <« 8.11e+003 3.%91e+013 MDA

Fe-59 1099.22 < 7.43e+001 1.07e+003 MDA

Zn-65 1115.52 < 1.22e+002 5.87e+0032 MDA

Co-60 1173.22 < 6.18e+001 4.62e+004 MDA

Co-56 1238.25 < 5.24e+001 1.89e+003 MDA

Eu-154 1274 .45 <« 1.32e+002 7.71e+004 MDA

Na-22 1274.54 < 4.71e+001 2.28e+004 MDA

Bu-152 1407.95 < 3.00e+002 1.19e+005 MDA

K-40 1460.81 <« 5.44e+002 1.12e+013 MDA

TOTAL 1.01e+004 DPM/Sample

UNKNOWN PEAKS

Energy Centroid Net Un- C.L. Bkg. FWHM Net
{keV) Channel Counts Certainty Counts Counts (keV) Gamma/sec
74 .77 150.34 46 38 33 129 1.05 B8.293e-001
77.17 155.13 116 39 28 115 0.96 1.943e+000
241.98 484 .20 126 31 19 47 1.15 1.594e+000
3792.29 758.37 18 17 14 22 1.28 3.250e-001
768.42 1535.36 28 17 13 16 1.36 9.405e-001
934.00 1865.98 13 14 11 13 1.06 5.188e-001

1238.12 2473.24 22 11 6 4 1.88 1.111e+000

1400.32 2797.10 10 6 0 0 2.35 5.621e-001

1408.58 2813.61 19 9 0 0 2.23 1.073e+000

1764.67 3524.63 37 14 5 2 2.06 2.534e+000
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Sample Size . . . . 1.00e+000 Sample
Sampling Start. .11-30-99 12:00
Sampling Stop . . .11-30-99 12:00
Current Date. . . . . .12-01-99 08:12

Spectrum File
Counting Start.
Live Time

Real Time

GDRO1.SPC
12-01-99 08:48
1800 Sec

1806 Sec

Detector #: 1

—

.32 NET < CL

Energy (kev)= -1.41 + 0.501*Ch + 0.00e+000*Ch"2 + 0.00e+000*Ch™3 12-01-99 07:54
FWHM (keV) = 1.15 4+ -0.013*En + 1.64e-003*En"2 +-1.10e-005*En"3 11-08-99 09:40
Where En = Sgrt (Energy in keV)
Sensitivity . . . . . . . . . . 0.20 Search Start / End.
Sigma Multiplier. . . . . . . . 2.00
PEAK SEARCH RESULTS

PK. ENERGY ADDRESS NET UN- C.L. BKG
# (keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS
1 74.76 152.07 105 55 48 229
2 77.01 156.57 216 53 39 210
3 83.49 169.50 18 36 30 142
4 B7.06 176.62 62 46 38 202
5 186.06 374.27 823 70 36 147
6 241.80 485.55 191 46 33 128
7 295.10 591.96 411 53 33 106
8 323.10 647.86 6 31 28 82
S 351.73 705.01 788 64 28 81
10 511.16 1023.30 117 37 29 76
11 609.22 1219.07 580 56 26 70
12 768.45 1536.895 69 28 22 41
13 934.04 1867.54 36 22 18 26
14 1104.88 2208.60 21 16 13 14
15 1120.22 2239.23 144 33 22 37
16 1237.99 2474.35 68 21 13 14
17 1377.52 2752.90 32 23 20 27
18 1401.33 2800.45 21 19 16 20
19 1460.96 2919.48 48 23 18 25
20 17289.26 3455.12 37 21 16 20
21 1764.14 3524.74 154 28 14 11
22 1847.60 3691.38 24 15 11 8

NWWHWONRNWNHHENDRORREREOHH
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Sample ID 99-23-010-01 B:TOTAL RA.STD.ACT.VER
Bkg File: ce e e det 01 .bkg Counting Start. 12-01-99 08:48
ID. : 99-23-006-01 B:11/29/99 WK. BK Current Date 12-01-99 08:12
ENERGY FWHM OLD NET OLD UN- NEW NET NEW UN-
PK# (keV) (keV) COUNTS CERTAINTY COUNTS CERTAINTY FLAG
5 186.06 1.31 823 70 789 70
7 295.10 1.18 411 53 402 54
9 351.73 1.33 788 64 767 54
10 511.16 2.14 117 37 -20 39 NET < CL
11 609.22 1.87 580 56 562 57
17 1377.52 2.86 32 23 29 23
19 1460.96 1.49 48 23 0 24 NET <« CL
21 1764.14 3.08 154 28 147 29
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Sample ID: 99-23-010-01 B:TOTAL RA.STD.ACT.VER

Sample Size . . . . 1.00e+000 Sample Spectrum File . . . . . . . . GDRO1l.SEC
Sampling Start. . . . .11-30-99 12:00 Counting Start. . . . . 12-01-399 08:48
Sampling Stop . . . . .11-30-99 12:00 Buildup Time. . . . . . . 0.00e+000 Hrs
Current Date. . . . . .12-01-99 08:12 Decay Time. . . . . . . . 2.08e+001 Hrs
Efficiency ¥File. . . . . .DETOl11l1.EFF Library File. . . . . . . . .FANPR6.LIB
ID. . . . . . . . . . . . Geoll #534 IDFisgs. Act. and Nat. Library RTS 02/17
Eff.= 1/[2.85e~0023%En"-3.16e+000 + 2.06e+001*En"6.85e-001] 08-30-99 08:13
Gamma Fraction Limit >= . . . 75.00 % | Decay Limit <=. . . . 8.000 Halflives
Library Energy Tolerance. . . 2.00

FINAL ACTIVITY REPORT

Energy Conc +- 2.00sigma Halflife Peaks
Nuclide {keV) (DPM/Sample ) {hrs) Found
Ra-226 186.21 8.23e+003 +-7.35e+002 1.40e+007 1 of 1
Pb-214 Average 1.00e+003 +-7.,15e+001 1.40e+007 2 of 2
295.21 9.35e+002 +-1.26e+002
351.92 1.03e+003 +-8.69e+001
Bi-214 Average 9.04e+002 +-8.33e+001 1.40e+007 2 of 2
609.31 8.83e+002 +-8.8%e+001
1120.29 1.05e+003 +-2.3%e+002
Am-241 59.54 <« 1.06e+002 3.7%e+006 MDA
Eu-155 86.55 < 6.7%2+4001 4.34e+004 MDA
Th-234 92.60 < 3.22e+002 3.91e+013 MDA
Co-57 122.06 < 1.48e+001 6.50e+003 MDA
Ce-144 133.54 < 1l.11le+002 6.82e+003 MDA
U-235 143.76 < 1.21e+002 6.17e+012 MDA
Ce-139 165.85 < 1.69e+001 3.30e+003 MDA
Th-227 236.00 <« 1.26e+002 1.91e+005 MDA
Pb-212 238.63 < 3.42e+001 1.67e+004 MDA
Cr-51 320.08 < 1.76e+002 6.65e+002 MDA
I-131 364.48 < 2.52e+001 1.93e+002 MDA
Sb-125 '427.89 < 5.90e+001 2.43e+004 MDA
Be-7 477.59 < 1.83e+002 1.28e+003 MDA
Sr-~85 513.99 < 2,32e+001 1.56e+003 MDA
T1-208 583.14 < 2.59e+001 1.67e+004 MDA
Sb-124 602.71 < 2.92e+001 1.44e+003 MDA
Cs-134 604.70 <« 3.50e+001 1.81e+004 MDA
Ru-106 621.84 < 1.84e+002 8.84e+003 MDA
Ag-110m 657.75 < 1.89%e+001 €.00e+003 MDA
Cs-137 661.65 < 2.65e+001 2.64e+005 MDA
Bi-212 727.17 < 2.93e+002 1.67e+004 MDA
Nb-95 765.79 < 4.06e+001 1.54e+003 MDA
Co-58 810.76 < 2.63e+001 1.70e+003 MDA
Mn-54 834 .83 <« 2.56e+001 7.50e+003 MDA
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Sc-46

889.25 <« 3.37e+001 2.01e+003 MDA
Ac-228 911.07 <« 8.97e+001 5.04e+004 MDA
Pa-234m 1001.03 < 4.47e+003 3.91e+013 MDA
Fe-59 1099,22 < 4.39e+001 1.07¢+003 MDA
Zn-65 1115.52 < 9.17e+001 5.87¢+003 MDA
Cc-60 1173.22 < 3.59e+001 4.62e+004 MDA
Coc-56 1238.25 < 4.60e+001 1.85%e+003 MDA
Fu-154 1274.45 < 7.62e+001 7.71e+004 MDA
Na-22 1274.54 < 2.71e+001 2.28e+004 MDA
EBu-152 1407.95 < 1.62e+002 1.19e+005 MDA
K-40 1460.81 <« 2.87e+002 1.12e+013 MDA
TOTAL 1.01e+004 DPM/Sample
UNKNOWN PEAKS
Energy Centroid Net Un- C.L. Bkg. FWHM Net
(keV) Channel Counts Certainty Counts Counts (keV) Gamma/sec
74.76 152.07 105 55 48 229 1.21 9.081le-001
77.01 156.57 216 53 39 210 1.15 1.76%9e+000
87.06 176.62 62 46 38 202 1.08 4.184e-001
241.80 485.55 151 46 33 128 1.00 1.258e+000
768.45 1536,94 6% 28 22 41 1.42 9.780e-001
934.04 1867.54 36 22 18 26 2.36 5.823e-001
1104.88 2208.60 21 16 13 14 3.31 3.818e-001
12237.99 2474.35 68 21 13 14 1.88 1.339e+000
1377.52 2752.90 29 23 20 27 2.86 6.213e-001
1401.33 2800.45 21 19 16 20 13.60 4.485e-001
1729.26 3455.12 37 21 16 20 3.07 9.158e-001
1764 .14 3524.74 147 29 14 11 3.09 3.688e+000
1847.60 3691.38 24 15 11 8 2.50 6.216e-001

-
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GDR(3.8PC
12-01-99 09:25
1800 Sec

Sample ID 99-23-010-D1 B:RA226 STD.VER.

Sample Size . . . . 1.00e+000 Sample Spectrum File
Sampling Start. . . . .11-30-99 12:00 Counting Start.
Sampling Stop . . . . .11-30-99 12:00 Live Time
Current Date. . . . . .12-01-99 08:50 Real Time

1806 Sec

Detector #: 3

Energy {(keV)

-0.52 4+ 0.501*Ch + 0.00e+000*Ch™2 + 0.00e+000*Ch”3 12-01-99 07:54

FWHM (keV) = 0.80 + 0.011*En + 6.71e-004*En"2 + 0.00e+000*En"3 11-08-99 11:57

Where En = Sgrt(Energy in keV)
Sensitivity . . . . . . . . . . 0.20
Sigma Multiplier. . . . . . . . 2.00

PK. ENERGY ADDRESS NET UN-

# {keV) CHANNEL COUNT'S CERTAINTY
1 74.80 150.38 60 36
2 77.13 155.05 87 36
3 87.25 175.25 28 28
4 186.21 372.85 476 53
5 238.61 477.48 25 27
& 241.89 484.03 96 30
7 295.12 590.32 181 36
8 351.86 703.60 294 39
9 511.43 1022.24 34 25

10 609.22 1217.48 231 35

11 768.67 1535.86 18 17

12 933.79 1865.57 18 13

13 1120.23 2237.84 40 21

14 1238.02 2473.03 25 16

15 1378.11 2752.76 11 11

16 1450.72 2897.75 4 8

17 1461.53 2919.32 8 11

18 1764.42 3524.11 55 16

C.L. BKG

COUNTS COUNTS
30 106

26 108

23 81

27 82

24 50

21 48

22 55

17 36

21 39

17 29

14 17

9 8

16 22

12 12

9 6

7 4

9 7

6 3

NFRNWNNHRWUBHRRREHOOO

.03 NET <« CL
.12 NET < CL
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Sample ID 99-23-010-D1 B:RAZ226 STD.VER.
Bkg File: e e e DETO03 .bkg Counting Start. 12-01-99 09:25
ID.: 99-23-006-03 B:11/29/99 WK.BKG Current Date 12-01-95 08:50
ENERGY FWHM OLD NET OLD UN- NEW NET NEW UN-
PK# (keV) (keV) COUNTS CERTAINTY COUNTS CERTAINTY FLAG
4 186.21 1.07 476 53 464 53
5 238.61 1.38 25 27 19 27 NET < CL
8 351.86 1.29 294 39 284 40
9 511.43 3.20 34 25 -12 26 NET < CL
10 609.22 1.37 231 35 224 36
17 1461.53 1.12 8 11 0 12 NET < CL
18 1764.42 2.90 55 16 53 16

- 000233



Sample ID: 95-23-010-D1 B:RAZ26 STD.VER.

Sample Size 1.00e+000 Sample Spectrum File . . . . . . . . GDR03.8PC
Sampling Start. .11-30-99 12:00 Counting Start. . . . . 12-01-99 09:25
Sampling Stop .11-30-99 12:00 Buildup Time. . . . . . . 0.00e+000 Hrs
Current Date. .12-01-99 08:50 Decay Time. . . . . . . . 2.14e+001 Hrs
Efficiency File. .DETO0311.EFF Library File. . . . . . . . .FANPR6.LIB
ID. R GEQ1l 534 IDFiss. Act. and Nat. Library RTS 02/17
Eff.= 1/[2.28e-003*En"-3.58e+000 + 7.58e+001*En"8.58e-001] 08-25-99 14:19
Gamma Fraction Limit »= 75.00 % | Decay Limit <=. 8.000 Halflives
Library Energy Tolerance. . . 2.00

Energy

Nuclide (keV)
Ra-226 186 .21
Pb-214 Average:
295.21

351.92

Bi-214 Average:
609.31

1120.29

Am-241 59.54
Eu-155 86.55
Th-234 92.60
Co-57 122 .06
Ce-144 133.54
U-235 143 .76
Ce-139 165.85
Th-227 236.00
Pb-212 238.63
Cr-51 320.08
I-131 364 .48
Sh-125 427.8%
Be-7 477.59
Sr-85 513.99
T1-208 583.14
Sb-124 602.71
Cs-134 604 .70
Ru-106 621.84
Ag-110m 657.75
Cs-137 661.65
Bi-212 727 .17
Nb-95 765.79
Co-58 810.76
Mn-54 8§34 .83

AANAANANMMAMMNMAMNMNMAMNALNAMNMAMANAAMNAAANMANMALANA

FINAL ACTIVITY REPCRT

Conc +- 2.00sigma Halflife Peaks

(DPM/Sample ) {hrs) Found
8§.89e+003 +-1.02e+003 1.40e+007 1 of 1
8.05e+002 +-9.20e+001 1.40e+007 2 of 2
8.40e+002 +-1.68e+002
7.89e+002 +-1.10e+002
7.92e+002 +-1.21e+002 1.40e+007 2 of 2
7.98e+002 +-1.28e+002
7.44e+002 +-3.85e+002
1.62e+002 3.7%9e+006 MDA
9.01le+001 4.34e+004 MDA
3.82e+002 3.91e+013 MDA
1.62e+001 6.50e+003 MDA
1.44e+002 6.82e+003 MDA
1.28e+002 6.17e¢+012 MDA
1.73e+001 3.30e+003 MDA
1.66e+002 1.91e+005 MDA
4.59e+001 1.67e+004 MDA
1.90e+002 6.65e+002 MDA
2.58e+001 1.93e+002 MDA
8.17e+001 2.43e+004 MDA
2.67e+002 1.28e+003 MDA
4.39e+001 1.56e+003 MDA
3.92e+001 1.672+004 MDA
3.40e+001 1.44e+003 MDA
3.68e+001 1.81e+004 MDA
2.99%e+002 8.84e+003 MDA
3.77e+001 £.00e+003 MDA
4.32e+001 2.64e+005 MDA
4 . 24e+002 1.67e+004 MDA
3.96e+001 1.54e+003 MDA
2.91e+001 1.70e+003 MDA
2.47e+001 7.50e+003 MDA
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Sc-46 889.25 < 2.39e+001 2.01e+003 MDA

Ac-228 911.07 < 1.35e+002 5.04e+004 MDA

Pa-234m 1001.03 < 6.84e+003 3.91e+013 MDA

Fe-59 1099.22 <« 8.15e+001 1.07e+003 MDA

Zn-65 1115.52 <« 6.2%e+001 5.87e+003 MDA

Co-60 1173.22 <« 5.87e+001L 4.62e+004 MDA

Co-56 1238.25 <« 8.18e+001 1.8%9e+003 MDA

Eu-154 1274.45 < 1.32e+002 7.71e+004 MDA

Na-22 1274.54 < 4.71e+001 2.28e+004 MDA

Eu-152 1407.95 < 3.24e+002 1.1%e+00%5 MDA

K-40 1460.81 <« 4.11e+002 1.12e+013 MDA

TOTAL 1.05e+004 DPM/Sample

UNKNOWN PEAKS

Energy Centroid Net Un- C.L. Bkg. FWHM Net
(keV}) Channel Counts Certainty Counts Countg (keV) Gamma/sec
74 .80 150.38 60 36 30 106 0.90 1.082e+000
77.13 155.05 87 36 26 108 0.%94 1.454e+000
87.25 175.25 28 28 23 81 0.66 3.567e-001
241.89 484 .03 96 30 21 48 1.49 1.221e+000
768.67 1535.86 18 17 14 17 1.93 5.9%0e-001
933.79 1865.57 18 13 9 8 2.70 7.298e-001

1238.02 2473.03 25 16 12 12 3.72 1.258e+000

1378.11 2752.76 11 11 S 6 2.05 5.958e-001

1764 .42 3524.11 53 16 6 3 2.90 3.598e+000
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Sample Size'. . . . 1.00e+000 Sample
Sampling Start. .11-30-99 12:00
Sampling Stop .11-30-99 12:00
Current Date. .12-01-99 08:48

Spectrum File
Counting Start.
Live Time

Real Time

12-

GDRO1.8PC
01-99 09:23
1800 Sec
1806 Sec

Detector #: 1

60 / 4000
FLAG
a
b
NET <« CL

Energy (keV)= -1.41 + 0.501*Ch + 0.00e+000*Ch"2 + 0.00e+000*Ch"3 12-01-98 07:54
FWHM (keV) = 1.15 + -0.013*%En + 1.64e-003*En"2 +-1.10e-005*En"3 11-08-99 09:40
Where Fn = Sqgrt (Energy in keV)
Sensitivity . . . . . . . . . . 0.20 Search Start / End.
Sigma Multiplier. . . . . . . . 2.00
PEAK SEARCH RESULTS

PXK. ENERGY ADDRESS NET UN- C.L. BKG
# {(keV) CHANNEL COUNTS CERTAINTY COUNTS COUNTS
1 74 .67 151.90 125 47 36 177
2 77.02 156.59 232 51 36 192
3 87.10 176.71 -3 49 43 256
4 186.02 374.18 771 72 42 198
5 241.9%6 485.8¢6 165 46 35 133
6 295,15 592.05 470 56 34 116
7 351.71 704.97 749 64 32 101
8 510.77 1022.52 184 37 24 43
9 609.16 1218.94 655 60 29 85
10 768.69 1537.43 84 28 20 33
11 934 .35 1868.16 22 23 20 36
12 1120.25 2239.29 184 33 16 21
13 1238.21 2474.79 57 25 20 30
14 1377.87 2753.60 28 23 20 30
15 1461.34 2920.24 6l 27 22 30
l6 1510.06 3017.51 19 18 15 16
17 1729.27 3455.13 43 18 12 11
18 1764.40 3525.27 133 29 17 18

NWWNRRNNREHNRPRRERPEOOO
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3DR/PC Paragon Analytics, Inc Fort Collins, CO Ver. 6.02a
BACKGROUND SUBTRACT RESULTS
Sample ID 99-23-010-D2 B:RA226 STD.VER,
Bkg File: . . . . . . . . det0l.bkg Counting Start. 12-01-99 09:23
ID. : 99-23-006-01 B:11/29/99 WK. BK Current Date 12-01-99 08:48
ENERGY FWHM OLD NET OLD UN- NEW NET NEW UN-
PK# (keV) (keV) COUNTS CERTAINTY COUNTS CERTAINTY FLAG
4 186.02 1.17 771 72 737 73
6 295.15 1.22 470 56 461 57
7 351.71 1.53 749 64 728 65
8 510.77 2.53 184 37 47 39
9 609.16 1.77 655 60 637 61
14 1377.87 1.51 28 23 25 23
15 1461.34 2.54 6l 27 13 27 NET < CL
18 1764.40 2.41 133 29 126 29

000244



Sample Size

Sampling Start.
Sampling Stop
Current Date.

1.

00e+000 Sample

.11-30-99 12:00
.11-30-99 12:00
.12-01-99 08:48

.DET0111.EFF
Geoll #534

Spectrum File
Counting Start.
Buildup Time.
Decay Time.

GDRO1.SPC

12-01-99 09:23

0
2

.00e+000 Hrs
.14e+001 Hrs

Library File.
IDFiss. Act.

.FANPRG6 .LIB

and Nat. Library RTS 02/17

Gamma Fraction Limit >=

Library Energy Tolerance.

FINAL ACTIVITY REPORT

Conc +- 2.00sigma

(DPM/Sample

Am-241
Eu-155
Th-234
Co-57
Ce-144
U-235
Ce-139
Th-227
Pb-212
Cr-51
I-131
Sbh-125
Be~7
Sr-85
T1-208
Sbh~124
Cs-134
Ru-106
Ag-110m
Cs-137
Bi-212
Nb-95
Co-58
Mn-54

21

Average:

295.
351.

21
92

Average:

609

143

427

513
583
602
604

810

.31
1120.

59.

86.

92.
122.
133.
.76
165.
236.
238.
320.
364.
.89
477 .

29
54
55
60
06
54

85
00
63
08
48

59

.99
.14
.71
.70
621.
657.
661,
727 .
765.

84
75
65
17
79

.76
834,

83

AAANANANNANMNMAMAMANAMAMANMNNANMNNMNANMNANA

.68e+003
.01e+003
.07e+003
.82e+002
.06e+003
.00e+003
.42e+003
.05e+002
. 95e+001
.67e+002
.32e+001
.21e+002
.17e+002
.64e+001
.20e+002
.64e+001
.762+002
.46e+001
.01le+001
.86e+002
.47e+001
.14e+001
.26e+001
.47e+001
.37e+002
.20e+001
.06e+001
.30e+002
.70e+001
.31e+001
.49e+001

NN WUWNMNMN DWW WWREINFWRHRBERRPRRWOARRERERPRORER

Halflife
) (hrs)

.60e+002 1.40e+007 1

.32e+001 1.40e+007 2

.33e+002

.76e+001

.85e+001 1.40e+007 2

.53e+001

.38e+002
3.79e+006 MDA
4.34e+004 MDA
3.51e+013 MDA
6.50e+003 MDA
6.82e+003 MDA
6.17e+012 MDA
3.30e+003 MDA
1.91e+005 MDA
1.67e+004 MDA
6.65e+002 MDA
1.93e+002 MDA
2.43e+004 MDA
1.28e+003 MDA
1.56e+003 MDA
1.67e+004 MDA
1.44e+003 MDA
1.81e+004 MDA
8.84e+003 MDA
6.00e+003 MDA
2.64e+005 MDA
1.67e+004 MDA
1.54e+003 MDA
1.70e+003 MDA
7.50e+003 MDA

186.
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Sc-46 889.25 < 2.76e+001 2.01e+003 MDA

Ac-228 g11.07 <« 8.67e+001 5.04e+004 MDA

Pa-234m 1001.03 < 5.26e+003 3.91e+013 MDA

Fe-59 10929.22 < 6.15e+001 1.07e+003 MDA

Zn-e6b5 1115.52 < 8.76e+001 5.87e+003 MDA

Co-60 1173.22 < 3.06e+001 4.62e+004 MDA

Co-56 1238.25 < 4.60e+001 1.89¢+003 MDA

Eu-154 1274 .45 < 8.03e+001 7.71e+004 MDA

Na-22 1274 .54 < 2.85e+001 2.28e+004 MDA

Eu-152 1407.85 < 1.91e+002 1.19e+005 MDA

K-40 1460.81 < 4,172+002 1.12e+013 MDA

TOTAL 9.75e+003 DPM/Sample

UNKNOWN PEAKS

Energy Centroid Net Un- C.L. Bkg. FWHM Net
{(keV) Channel Counts Certainty Counts Counts (keV) Gamma/sec
74.67 151.980 125 47 36 177 0.93 1.086e+000
77.02 156.59 232 51 36 192 0.98 1.8%8e+000
241.96 485,86 165 46 35 133 1.20 1.083e+000
510.77 1022 .52 47 39 24 48 2.53 5.088e-001
768.69 1537.43 84 28 20 33 1.83 1.188e+000
934,35 1868.16 22 23 20 36 2.63 3.573e-001

1238.21 2474.79 57 25 20 30 1.892 1.116e+000

1377.87 2753.60 25 23 20 30 1.51 5.226e-001

1510.06 3017.51 19 18 15 16 3.00 4.286e-001

1729.27 3455.13 43 18 12 11 3.83 1.073e+000C

1764 .40 3525.,27 126 29 17 18 2.41 3.162e+000
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Code #:_ 400.15.72.47 Name of Standard: ,& 22/ Warkun, St

Date:__I1%/1/1f Analyst:__ Tason MofesT

Aliquot for verification:__ T (_oL/.(ﬂ(dj A(M‘urﬂ's plardiw  Gep 1] J torpune
Work up: %46 ﬂﬂabﬁ\éﬁ; (FAss |

Expected activity and uncertainty: 53 . ? ? ’;0 Q‘//O(

- 7
Results of Counting and counting uncertainty: = 575 * /%

= /0b.S 7 Jf ex'pcir@o,

Radiochemistry Technical Managgnwﬁ(g"‘—’ Date: __/ 2/3 /99

Radiochemistty QA Manager: Date:

ATIFM 718FC
(227192
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eroean LOYET
U.S. Environmental Protection Agency Eé’ 8’};‘9 7

Environmental Monitoring Systems Laboratory-Las Vegas
Nuclear Radistion Assessment Division

Calibration Certificate

Description

Principal redwonuchide l Radi um-226 ] Hail-lde [
Nominai activity L 6 0 ] [ nanoc cunu]

Nominal volume mi 1n ampoule /boltie number 2 S 5 7 - 4

1600 vears ]

Measuremen!  Activity of bvrincipal radionuclide
Activity par gram of mi.; solutian
[7 11.944]l nanocw"q M[ Radium-226 J
at G400 houre PSTonl January 1993 J

Activity of daughter radionuciide

The principsl aclivity was accompanied at the quaoled tima by

I —I L cmus] Per gram

o! the daughier nucide ‘ ]

Total mass of this solution '
Approximately 5.0 **™

Mgthod of measurement -
This standard was prepared by gravimetric dilution
of NBS Standard Reference Material 4964-B. The
specific activity of the dilution was determined
by gamma spectrometry by -comparing the sum of the
activities of the 242, 352 and 608 KeV gamma ray
emissions to those of several NBS SRM 4957
Radium-226 sources.

i
Uselul Life Thit tadionuciide has decayed through D hatf {rvas since q wat obisned by EMSL-LY
Wa recommand that this tolution thould not be used afur L Indefinite J

- 000248



Purity The manufacturer states that activities other than that of the principal nuclide
: and of its daughter nuciides, if any, were estimated/known 1o be:

(1) 1 Leqs:aliht%n ] % ' of the principél activity
2 gﬁfﬁﬁ%nl % | of the principal activity

{3) Lequatlh‘:n % | of the principat activity

The activity of impurity (1} is not (2) is not {3) is not
included in the quoted figures of the principal activity.

Random Errors

The precision of this standard was such that the certified value of the radicactive

concentration of the principal activity had a standard error {sm} not greater than +

{The 39.7% confidence limits are given by t(sm) where t is obtained from the student t factor
for the degree of freedom (n-1}).

The maximum uncertainty due to the assessable systematic errors (dilution, counting, and
known uncertainty of the standard) is obtained by the separate arithmetic summation of the
positive and negative systematic error (+§ — § * ). These have been estimated not to exceed

+3,.7%Jor |- 3,.7%

the overall unceriainty (often called accuracy) is an estirnate of the possitie divergance of
the quoted result from the true value. ft is a combination of random error [t(sm)] at the 99.7%
confidence limits and the worst case estimate of the systematic errors ( +§, -§' )

The overall uncertainty is therefore calculated on the basis of + [t(sm) +5], - [t(sm) *51
and is l+ 5.5 %]. t 5.5 ?Iof the quoted radioactive concentration.

Decay Schemes This standardization is based on the following assumptions of the principle nuclide, its
daughter nuclides and impurities (no allowance for error in these assumptions or the
assumption of quoted haif-life have been included in the statement of accuracy above).

Radium-226 is a member of the Uranium-238 decay chain.
Radium-226 decays 100 percent by alpha emission to

Radon-222.
Chemical Carrier content per gram of solution: Other components:
Composition
of Solution 0.8 micrograms Ba 0.5M HCL
Preservative:
Remarks

The measured value and the expected value using the
gravimetric factors and the NBS calibration of SRM-4964B
differed by 1.6 zercent. The average of the two values
was used for this standard.

Date Certificate Prepared January 21, 1993

00247
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(‘,s'*‘“ OFC"%@ - U.S. DEPARTMENT OF COMMERCE
g W o} National Institute of Standards & Technology
L % i Gaithersburg, MD 20899
' ’o}a Jgg : -
Srarps oF ¥ ) :
, -REPORT OF TRACEABILITY
_ U.S. Environmental Protection Agency
Environmental Monitoring Systems Laboratory .
" Las Vegas, Nevada
~ Radionuclide Radium-226
Source identification 2557-4, prepared by EMSL
Source description Liquid in 5-mL flame-sealed glass ampoule
Source mass Approximately 5.0 grams
Source composition Radium-226 plus 0.8 pg of non-radioactive barium per
' gram of 0.5 mol-L! HCI
Reference time 0700 EST January 1, 1993
" NIST DATA EMSL DATA
Radioactivity concentration ~ 447.5 Bg-g*! | ' 440.3 Bg-g!
Exj)andcd uncertainty 2.5 percent (D° +5.5 percent &
Photon-emitting impurities None observed ) None reported
(Activities at reference time)
Measuring instrument  NIST pressurized "41"y ioniza- Dilution of SRM 4964-B
_tion chamber A calibrated with verified using germanium
SRM 4955 spectrometer system

Half life 1600 = 7 years ()

Difference from NIST -1.61 percent G

For the Director,

it teto—

Gaithersburg, MD 20899 J.M. Robin Hutchinson, Group Leader
September 1994 . Radioactivity Group
Physics Laboratory

*Notes on next page

(over)
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NOTES

The uncertainty analysis mcthodology and nomenclature used for the reported
uncertainties are based on uniform NIST guidelines and are compatible with those

adopted by the principal international metrology standardization bodxes [cf., B.N. Taylor
and C.E. Kuyatt, NIST Technical Note 1297 (1993)].

The combined standard uncertainty, u, = 1.24 percent, is the quadratic combination of
the standard deviation (or standard deviation of the mean where appropriate), or
approximations thereof, for the following component uncertainties:

a) 100 ionization chamber measurements on

each of 2 samples : 0.31 percent
b) activity of SRM 4955-55 1.21 percent
c) gravimetric _ ' 0.0S percent .
d) half-life propagation (At = 25 y) 0.005 percent

" The expanded uncertainty, U = 2.5 percent, is obtained by multiplying u, by a coverage

factor of k = 2 and is assumed to provide an uncertainty interval of approximately 95
percent confidence.

Overall uncertainty reported by EMSL.

The limits of detaction are:

12.6 y s g ! between 40 and 348 keV,
475y sl % ! between 356 and 605 keV, and
1.58 y s g1 between 613 and 1900 keV,

provided that impurity photons are separated in energy by four keV or more from the
principle gamma-ray emissions of radium-226 and its daughters.

Evaluated Nuclear Structure Data File (1990).

This result demonstrates the traceability of EMSL to NIST, for this measurement, to

within five percent as specified in the appendix, Traceability Studies, of the EPA-NIST
interagency agreement of April 1976, as amended.

For further information, please contact Jeffrey T. Cessna at 301-975-5539.

Source identification 2557-4
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DetC

Lucas Cell + PMT Daily Performance Check Summary - Detector C, Scalar #6
rAinst\alphscntidailychk.xis

Interim control limits established 01/26/04

Count Gross
Obs. # Date Dur.{m) Counts OK? LCL UCL
1 1/26/04 1 9344 OK 8410 10278
2 127104 1 9340 oK 8410 10278
3 1/27/04 1 9564 CK 8410 10278
4 1/28/04 1 9548 OK 8410 10278
5 1/29/04 1 9508 OK 8410 10278
6 1/29/04 1 9631 CK 8410 10278
7 1/30/04 1 9454 OK 8410 10278
8 1/30/04 1 9490 OK 8410 10278
Page 1
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DetD

Lucas Cell + PMT Daily Performance Check Summary - Detector D, Scalar #4
rAinst\alphscnt\dailychk.xls

Historical control limits established 10/17/03

Count Gross
Obs. # Date Dur. (m) Counts OK? LCL UCL
84 1/20/04 1 9488 OK 9105 9774
85 1/21/04 1 9617 OK 9105 9774
86 1/22/04 1 9370 OK 9105 9774
87 1/22/04 1 9462 OK 9105 9774
88 1/26/04 1 9371 OK 9105 9774
89 1/27/04 1 9354 OK 9105 9774
90 1/27/04 1 9439 OK 9105 9774
91 1/28/04 1 9392 OK 9105 9774
92 1/29/04 1 9392 OK 9105 9774
93 1/29/04 1 9481 OK 9105 9774
94  1/30/04 1 9314 OK 9105 9774
95 1/30/04 1 9429 OK 9105 9774
Page 1
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"—z'ge“}“;:g% A aree ’) = 1
- - = = ) . CGL‘/ .> 2 . 9 /
HIIEE - /
Radiation standards and chack sources ' REF.PO#__65-1924 *

2810 Sller Lane Santa Fe, NM 87501
(505)473-9538 FAX(505)473-5805

Certificate of Calibration
(Alpha Sources)

The - __ Thorium 230 aipha

s'ouré:'é was maasurnd i.h a
pro'p'drtio.r{al ‘c'o'i-'mter using P1O as countmg gas. The alpha

amissions from the surface of the source were measurad at iis

plateau voltage to determine its 2pi cpm rate, Ceorrections were

applied for background, coincidence loss and backscatter factors

when applicable., ° The source is referenc’ed to NIST: 90THA7046274
used in &stablishing traceablilty.

Acfive Diameter(or area)___44mm

Mbunﬁng Material__SS
Total Diameter(or area)__47mm

Thickness 0.7%m
8.130 cpm - 460 cpm2pi
18.000 dpm + 800 dpm 4pi
0.00812 microcune
08/20/92  date of measurement

92THA703015 sourca serial number

Michaal A, Oriiz Calibration Moncgar /%/MW

Charles L. Gonzales

Q.A. Manager // Z. /‘/‘ﬁ/ z
The total uncertainty of the measurement at the ©£3% confidence
interval is 5.0 percent,

ACD05
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Daily Performance Checks

IR



e : eesl 3-2)-54

Radiation standards and chack sources e R'.'-'.F.PO# 651904 B
2810 Sller Lane Santa Fe, NM $7501 - |
(505)473-9538 FAX(505)473-5805

Certificate of Calibration
(Alpha Sources)

The - __ Thorium 230 p'h'a' s‘ouréé was measured m a

pr‘o'p'drtion"al counter using P1O as countmg gas. 4The alpha
emissions from the surface of the sourcé were measured at jts
'platnau veliage to determine its 2pi cpm. raTa Corrections weare
apphﬁd for background, coincidence loss and backscatter factors

when apphcable. The source is refersnced to NIST_90THA7046274

used in establishing traceablilty.

Active Diameter(or areq)__ 44mm
Total Diameter(or areq)_ 47mm
9.150 cpm
18.000 dpm
0.00812 ricrocurie
08/20/92 _ date of measurement
92THA4703015 _source serial number

Michael A, Orfiz ' Cdiibration Manager ////%/Zf{

Charles L. Gonzales Q.A. Manager j////j

Mounting Material _ 55

Thickness 0. 79mm
460 cpm 2pl’
900 dpm 4pi

H

I+

The total uncertainty of the measurement at the 99% confidencs
nterval fis 5.0 percent,

ACO05
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Lucas Cell + PMT Daily Performance Check Summary - Detector A, Scalar #1

riinstialphscnt\dailychk.xls

Historical control limts established 8/28/01.

Count Gross
Obs. # Date Dur. (m) Counts OK? LCL UCL
428 6/22/04 1 8496 OK 2047 9762
429 6/23/04 1 8571 OK 9047 9762
430  6/24/04 1 9468 OK 9047 9762
431 6/24/04 1 9452 OK 9047 97862
432  8/28/04 1 9382 OK 9047 9762
433 B6/29/04 1 9419 OK 9047 9762
434  6/30/04 1 9572 OK 9047 9762
435 7/1/04 1 9554 OK 8047 9762
436 7/2/04 1 9318 CK 9047 g762
437 712104 1 9430 OK 9047 9762
438 7/6/04 1 9600 OK 9047 9762
439 717104 1 9601 OK a047 9762
440 7/8/04 1 9585 OK 2047 9762
441 7/8/04 1 9334 OK 9047 9762
442 7/11/04 1 9541 OK 9047 9762
443 7/13/04 1 9658 OK 9047 9762

000258



Lucas Cell + PMT Daily Performance Check Summary - Detector B, Scalar #2

riinstalphscnt\dailychk. xls

Historical control limts established 9/25/01.

Count Gross
Obs. # Date Dur. (m) Counts OK? LCL UCL
409 6/22/04 1 9475 oK 9074 9734
410 6/23/04 1 9339 OK 9074 9734
411 6/24/04 1 9324 OK 9074 8734
412 6/24/04 1 8612 OK 2074 9734
413 6/28/04 1 9476 0K 9074 9734
414 6/29/04 1 9435 OK 8074 9734
415 6/30/04 1 9424 OK 9074 9734
416 7/1/04 1 9558 OK 9074 9734
417 7/2/04 1 9464 OK 9074 9734
418 7/2/04 1 9370 CK 9074 9734
419 7/6/04 1 9443 OK 9074 9734
420 717104 1 9425 CK 9074 9734
421 7/8/04 1 9533 OK 9074 9734
422 7/8/04 1 9354 OK 9074 9734
423 7/11/04 1 9417 OK 9074 9734
424 7/13/04 1 9212 OK 9074 9734

0257



Det C

Lucas Cell + PMT Daily Performance Check Summary - Detector C, Scalar #6
rAinst\alphscnt\dailychk.xls

Historical control limits established 3/15/04

Count Gross

Obs. # Date Dur.(m) Counts OK? LCL UCL
90 6/22/04 1 9460 OK 9146 9753
91 6/23/04 1 9292 OK 9146 9753
92 6/24/04 1 9539 OK 9146 9753
93 6/24/04 1 9473 OK 9146 9753
94 6/28/04 1 9347 OK 9146 9753
95 6/20/04 1 9458 OK 9146 9753
96 6/30/04 1 9461 OK 9146 9753
97 7/1/04 1 9390 OK 9146 9753
98 7/2/04 1 9508 OK 9146 9753
99  7/2/04 1 9367 OK 9146 9753
100  7/6/04 1 0384 OK 9146 9753
101 7/7/04 1 9467 OK 9146 9753

102 1

Page 1
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Lucas Cell + PMT Daily Performance Check Summary - Detector D, Scalar #4

rainst\alphscnt\dailychk.xls

Historical control limits established 10/17/03

Det D

Count Gross
Obs. # Date Dur.(m) Counts OK? LCL UCL
177 6/22/04 1 9421 OK 9105 9774
178  6/23/04 1 9490 OK 9105 9774
179 6/24/04 1 9640 OK 9105 9774
180 6/24/04 1 9472 OK 9105 9774
181 6/28/04 1 9287 OK 9105 9774
182 6/29/04 1 9448 OK 9105 9774
183 6/30/04 1 9543 OK 9105 9774
184 7/1/04 1 9453 OK 9105 9774
185 7/2/04 1 9344 OK 9105 9774
186 7/2/04 1 9366 OK 9105 9774
187 7/6/04 1 9512 OK 9105 9774
188 7/7/04 1 9321 OK 9105 9774
Page 1
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